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A PROBLEM which always confronts the sur- 
geon in clinical practice is the occurrence of 
new infections during the patient’s stay in 
the hospital. When such infections occur 
they are predominately, but not exclusively, 
staphylococcal; other causal bacteria are 
hemolytic streptococci, gram-negative ba- 
cilli, yeasts, and fungi. Infections, when they 
occur, commonly involve the subcutaneous 
tissues of the incision or skin in the operative 
field, the respiratory tract, the gastrointesti- 
nal tract, or the urinary system. The infec- 
tion may be local, locally invasive, or may 
enter the blood stream and metastasize to 
bones, kidneys, or heart. In addition to such 
factors as prolonged hospitalization and the 
usual hazards of surgical operations, there 
are other factors which appear to increase 
the susceptibility of surgical patients to hos- 
pital acquired infection. Severe metabolic 
disturbances, steroid therapy, extension of 
operative treatment to poor risk, aged, or 
debilitated patients, longer and more com- 
plicated procedures, prolonged alimentation 
through indwelling venous catheters, serious 
organic disease, and irradiation therapy 
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may lower the host’s reaction to infec- 
tion. 

With the exception of the hemolytic 
streptococcus, the organisms which are caus- 
al of these postoperative infections are often, 
but not always, resistant to penicillin, strep- 
tomycin, and the tetracyclines; they are 
often, but neither completely nor uniformly, 
sensitive to the less frequently used antimi- 
crobial agents. 

The logical desire of the surgeon is to 
prevent these and other infections from the 
time of the patient’s admission to the hos- 
pital until after the period of convalescence, 
whether in the hospital or at home. Prophy- 
lactic antibiotic therapy has been highly 
successful in protecting the patient from 
invasive infections in certain selected situa- 
tions; for instance, from further attacks of 


rheumatic fever; from subacute bacterial 


endocarditis in patients with valvular or 
congenital heart disease, undergoing surgery 
in a contaminated field, or in infants with 
congenital anomalies; and in protecting the 
patient in the presence of chronic obstruc- 
tive emphysema. In this group, benefits for 
patients on prolonged high dosage steroid 
therapy are conjectural. The extension of 
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the practice of antibiotic prophylaxis from 
these known and proved situations to a 
“routine” for all surgical risks has become 
a widespread practice. There are many 
reasons to discourage and to re-examine the 
validity and purpose, as well as safety, of 
this practice. The old cliché that antibiotic 
prophylaxis or treatment might do some 
good and cannot do harm is now unten- 
able. Each surgeon has had some personal 
experience with anaphylactic or toxic re- 
actions as well as superinfections induced 
by drug usage, not to mention the failures 
and disappointments arising from the use of 
antibiotics as the first line of defense against 
infections in surgical practice. Recent expe- 
rience suggests that the drug-resistant mi- 
croorganisms in the environment colonize 
the respiratory tree and skin more frequently 
in antibiotic-treated patients than in those 
untreated. The several factors against rou- 
tine use of antibiotics can be listed as fol- 
lows: 

I. Argument against routine antibiotic prophylaxis 

Proof of effectiveness is lacking. 

Widespread usage is wasteful. 

It condones laxity in practice of good surgery. 

It causes unnecessary risks of side effects. 

It encourages resistant bacterial strains. 

II. Limiting factors in antibiotic prophylaxis 

It must be instituted early in the absence of 
bacterial data. 

No single antibiotic is universally effective. 

Barrier at wound borders prevents antibiotic- 
bacterial contact. 

Wound environment may inhibit effectiveness. 

Bacteria may inactivate antibiotic, e.g., peni- 
cillinase and penicillin. 

III. Hazards of indiscriminate antibiotic prophylaxis 
Laxity in the practice of good aseptic tech- 
niques and prevention of cross-infections. 
Drug sensitizations and anaphylactic reactions. 

Direct drug toxicities. 

Superinfections with drug resistant strains. 

Delayed diagnosis and therapy of masked 
infection. 

We now have sufficient background and 
experience to revert from widespread and 
indiscriminate use to a practice of discrimi- 
nate prophylactic antimicrobial therapy. 
The fundamental aims of discriminate anti- 
biotic therapy in elective surgery are two: 


(1) to eradicate accidental hemolytic strep- 
tococcal infection by the use of a strepto- 
coccicide drug in those situations in which 
the infection is already present in a con- 
tiguous area such as the nose or throat, or is 
impending in the wound, and (2) to reduce 
the numbers of bacteria in those structures 
of the body, naturally and heavily seeded by 
microorganisms, to a level compatible with 
local and general tissue resistance when 
operative procedures involve these and con- 
tiguous structures. The principal areas of 
the body to be considered in this connection 
and in which infections are not only serious 
but potentially lethal are the esophagus, the 
lung, the bowel. and the urinary tree. 

Restated, surgical procedures may be 
classified as clean, contaminated, or infected 
according to the bacteriologic content of the 
tissues, other than skin traversed by the 
scalpel. The clinically and obviously infect- 
ed cases, listed previously, require little 
comment. No one questions the desirability 
and feasibility of operation under blood- 
borne antimicrobial cover, during and after 
surgical procedures. The antibiotic chosen 
for protection during and after operation is 
preferably selected on the basis of prior bac- 
teriologic studies. The purpose of continuing 
therapy postoperatively is to control the 
remaining bacteria following debridement 
and drainage of infected tissues. The period 
during which postoperative therapy is desir- 
able ordinarily extends no longer than 3 
days. At this time the patient’s condition is 
re-evaluated and a decision is made as to 
whether therapy is to be interrupted, con- 
tinued, or altered. 

The special target for adverse criticism 
has been prophylactic usage of antibiotics in 
the “‘clean”’ cases, such as instances in which 
intact integument is contaminated with sur- 
face bacteria, in surgical procedures in 
which adequate preparation of the operative 
site is feasible, and in operative procedures 
which are not usually followed by infectious 
complications. The definition of ‘‘clean” 
has been extended from operations on nor- 
mally sterile tissues to include those cate- 
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gories of cases in which experience in the 
prechemotherapy era indicated that post- 
operative infection is or should be a minor 
problem. In general, these procedures in- 
clude: excision of tumors of skin, subcu- 
taneous tissues, breast; Z-plasties and skin 
grafts; stripping of varicose veins; herniot- 
omy; thyroidectomy; gastrectomy, vagot- 
omy, and gastroenterostomy; cholecystec- 
tomy; splenectomy; division of peritoneal 
adhesions; appendectomy for uncompli- 
cated appendicitis; and hemorrhoidectomy, 
tissurectomy, and anal fistulectomy; neuro- 
surgical procedures (brain, cord, disc, sym- 
pathetic chain); operations on short bones, 
muscle, bursa, and tendon sheath; circum- 
cision; simple orchiectomy; excision of 
varicocele or hydrocele; episiotomy, salping- 
ectomy; oophorectomy; colpotomy; and 
abdominal hysterectomy. Only in excep- 
tional circumstances is a case in these cate- 
gories managed as contaminated rather 
than clean. 

Antibiotic therapy is not warranted in 
unexplained fever, heart failure, cerebro- 
vascular accidents, shock, atelectasis, phle- 
bothrombosis, tracheostomy, and debilitated 
states, if evidence of infection is absent. The 
risk of superinfections after antibiotic usage 
does not warrant routine prophylaxis in this 
group. 

It should be reiterated here that the com- 
mon infections following surgical procedures 
are those due to the staphylococci and 
usually involve the operative wound. It can 
be stated categorically that up to the present 
time no method of antimicrobial prophy- 
laxis, either through blood-borne route or 
by local application, has been consistently 
effective in protecting the wound from post- 
operative staphylococcal infection. It is now 
clear that in the ‘“‘clean” case in which 
chemoprophylaxis is substituted for gentle, 
deft, surgery and the strict practice of 
established principles, infection under pro- 
phylactic antimicrobial therapy is higher, 
not lower, than before the use of antimicro- 
bial prophylaxis. Obviously, when antimi- 
crobial prophylaxis carries with it a serious 


calculated additional risk of toxicity, the 
application of antimicrobial agents should 
be abandoned. Since the “clean” surgical 
case represents the bulk of operative pro- 
cedures in some hospitals it is obvious that 
the use or abuse of antibiotic prophylaxis 
as a routine practice under these circum- 
stances is an unworthy procedure. 
Operations in contaminated fields are 
somewhat different because the risk of infec- 
tion either from naturally harbored bacteria 
or from environmental infection in tissues, 
with a low degree of resistance against 
infection, is considerably increased. The 
objective of prophylactic antibiotic therapy 
in the contaminated case is to convert it to 
as nearly a ‘“‘clean” category as possible. 
Emphasis is placed on preoperative prepara- 
tion and on the judicious, rather than the 
exclusive, use of antibiotics. The use of these 
potent antimicrobial agents as an adjunct 
but not as a substitute for standard surgical 
procedures is imperative. These precepts may 
be listed as follows: (1) emphasis should be 
placed on preoperative reduction of regional 
bacterial flora by mechanical cleansing and 
adjunctive antibiotic therapy (antibiotics 
used need to have been selected by prior 
experience or laboratory studies); (2) circu- 
lation should afford adequate, antimicrobial 
concentrations in the infected tissues; (3) 
seeding at operation should be prevented by 
proper quarantine; (4) postoperative anti- 
biotic therapy should be unnecessary unless 
spillage has occurred; (5) antibiotic effec- 
tiveness is often nullified by tissue necrosis, 
hematoma, ischemia, presence of drains or 
foreign bodies, or dead space. Following 
mechanical cleansing the drug which is 
employed is the one chosen by laboratory 
studies or in emergencies the one determined 
by experience to be the most consistently 
effective. Spillage and seeding of contiguous 
structures having been avoided during oper- 
ation and careful suture having been ac- 
complished there is rarely, if ever, a serious 
postoperative wound suppuration, and the 
need for chemoprophylaxis following opera- 
tion is seldom in order. Under certain 


rep- 
Dto- 

rich 
is 
uce + 
| by 
vith 
hen 
‘on- 
sof 
ion | 
ous | 
the | 
be 
ted | 
the 
the 
ect- 
ttle 
lity } 
od- 
{ter 
sen | 
nis | = 
‘ 
ing } 
the 
ent 
iod 
sir- | = 
1 3 
n is 
to 
on- | 
ism 

ich 
ur- 
in 
ive 
res 
ous 
in”? 
or- 
te- 


conditions some observers believe that irri- 
gation of the wound postoperatively with a 
weak solution of antibiotic is an added pro- 
tective measure, particularly for subcutane- 
ous fat and fascia which are notoriously 
prone to infection. The exact need and 
advantages of topical antimicrobial therapy 
at the conclusion of an operative procedure 
in a contaminated field has not been finally 
established although there is convincing 
evidence for this routine. Following is a list 
of suggestions indicating when antibiotics 
are useful in specific contaminated fields. 


1. Head and neck 

Plastic operations involving oral cavity. 

Radical surgery; fungating carcinoma of oral 
cavity and neck. 

Esophageal diverticulum. 

2. Thoracic 

Presence of infection in lesion cannot be ruled 
out preoperatively. 

Surgery extending across potentially infected 
lung, mediastinal structures, or esophagus. 

Bronchopleural or tracheoesphageal fistula. 

Cardiac and vascular surgery when risk of super- 
infection is high. 

3. Abdominal 

Transduodenal choledocholithotomy. 

Plastic repair of bile ducts. 

Portacaval shunt in impending coma. 

Pancreatic or enteric fistula. 

Colon resection for inflammatory disease, stran- 
gulation, obstruction, perforation, carcinoma, 
and after spillage during anastomosis. 

Closure of colostomy. 

Anoplasty with primary closure. 

Evisceration of laparotomy wound. 

4. Obstetric and gynecologic 

Premature rupture of membranes in patients 
with renal or valvular heart disease. 

Prolonged labor if uterus is invaded for removal 
of placenta and membranes. 

Rectovaginal or vesicovaginal fistula. 

Vaginal hysterectomy with soiling. 

Pelvic organ exentration. 

Cystocele, urethrocele, to prevent ascending 
infection. 


5. Genitourinary 


Presence of severe urinary infection, valvular 
heart disease, extreme debilitation. 

Contamination of dead space. 

Postoperative extravasation of urine. 

Ureteroplasty. 

Transplantation of ureters. 
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6. Bones 

Open reduction and internal fixation with or 
without bone grafting of major long bones of 
the body. 

Intra-articular surgery associated with trauma 
or reconstructive surgery. 

Debridement of major wounds associated with 
crushing and open fractures. 

To guard against systemic infection by hema- 
togenous route during the phase of primary 
bone healing when the patient is exposed to 
surgical procedures associated with transitory 
bacteremia which may be associated with 
dental procedures, treatment of infected 
cervix, of infected toenails, or skin diseases. 


A category exists in which antibiotic 
prophylaxis is probably warranted in de- 
layed or nontreated cases. Examples of these 
may be listed as follows: nonoperative treat- 
ment of acute pancreatitis, bleeding esopha- 
geal varices, acute cholecystitis, perforated 
peptic ulcer, and active diverticulitis. It is 
questionable, however, whether one is 
actually employing antimicrobial prophy- 
laxis or therapy in these potentially ex- 
plosive surgical cases; nevertheless, evi- 
dence points toward favoring antimicrobial 
therapy in these instances. Finally, in the 
presence of infection, chemotherapy, not 
chemoprophylaxis, is needed, both prior 
to and following surgical procedures. The 
antimicrobial agent used should always, 
when practicable, be selected on the basis of 
careful laboratory sensitivity studies of the 
organism involved. 


CONCLUSION 


It should be obvious from the foregoing 
that routine indiscriminate antibiotic pro- 
phylaxis in elective surgical conditions has 
served no useful purpose, has contributed to 
many of our problems of infection, and is in 
need of self scrutiny. The time is here to 
discipline ourselves to a change from in- 
discriminate to discriminate use of these 
potent drugs. An attempt has been made to 
suggest procedures in which discriminate 
and adjunctive prophylactic antimicrobial 
therapy in elective surgery appears to be 
warranted and of potential value. 


a4 


T 
q | 
Jk 
q 
oh 
p 
& 
a 
p 
} il 
a 
fe 
il 
t 
= 


THE PREVENTION OF WOUND INFECTION FOLLOWING 
CONTAMINATION WITH COLON ORGANISMS 


A. O. SINGLETON, JR., M.D., F.A.C.S., DAVID DAVIS, B.A., and 


JERRY JULIAN, B.A., Galveston, Texas 


THE PREVENTION of infection in abdominal 
incisions following surgery of the colon is 
a matter of great importance to the surgeon. 
In cases in which there is sufficient time to 
prepare the bowel preoperatively by the 
administration of oral antibiotics and sul- 
fonamides, the bacterial flora of the bowel 
and the incidence of infection should be 
greatly reduced. Great care in protecting 
the wound and avoiding contamination is 
of prime importance with or without bowel 
preparation. Edmiston has demonstrated 
in an experimental evaluation of intestinal 
antiseptics, when used for protection from 
fecal contamination during colon resection, 
that avoidance of contamination is of greater 
importance than antibiotics, in the prepara- 
tion of the bowel, or the type involved. 
There is a large group of patients who 
require immediate exploratory surgery for 
whom there is no time to prepare the bowel 
preoperatively and in whom perhaps fecal 
contamination has already occurred. This 
group includes patients with abdominal 
stab wounds, gunshot wounds, perforated 
appendices, and so forth. In many cases 
the peritoneal cavity is better able to take 
care of contamination than the abdominal 
wound or incision. The following experi- 
ments were devised to study prevention of 
wound infection after fecal contamination. 


EXPERIMENTAL METHODS 


Although rats had been found to be 
satisfactory perviously in studies on fecal 
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contamination in the peritoneal cavity (13), 
the incidence of infection in wounds was 
so low, despite extensive contamination, 
that they could not be used in this experi- 
ment. Under ether or local anesthesia, an 
incision approximately 2 centimeters in 
length and extending through the muscle 
and fascia was made over the shoulder 
and over the hip in guinea pigs. The area 
in which the incisions were to be made was 
carefully shaved and prepared with puiso- 
hex. The wounds were contaminated with 
human feces by direct smear and then 
closed with black silk with or without irri- 
gations. Four per animal were made except 
when antibiotic irrigations were used. In 
these cases only 1 incision was made because 
of the possibility of absorption of the drug 
with a systemic effect on the other wounds. 
This reaction was demonstrated to be a 
factor by finding that when neomycin was 
used to irrigate a wound after fecal con- 
tamination other contaminated wounds 
made at the same time on the same animal 
and closed without irrigation had a lower 
incidence of infection than contaminated 
wounds made and closed without irri- 
gation of any wounds in that animal (Table 
I). This effect was not present to an appre- 
ciable degree when saline, iodine, or 
clorpactin was used for irrigating other 
contaminated wounds in the same animal. 

The animals were divided into the fol- 
lowing groups: 


Group I—noncontaminated wounds. This group 
was used to determine the rate of infection by the pro- 
cedure used in this study without fecal contamination. 

Group II—control wounds. This group was used to 
determine per cent of infection after direct fecal smear. 
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TABLE I.—INFECTIONS IN FECAL CONTAMINATED, 
NONIRRIGATED WOUNDS MADE IN SAME ANI- 
MAL IN WHICH OTHER FECAL CONTAMINATED 
WOUNDS WERE SIMULTANEOUSLY TREATED 
BY IRRIGATION 


No. Per cent 
Group Irrigating solution of animals of infections 
A Saline 32 78 
B 3 per cent iodine 7 71 
Cc 1 per cent neomycin 23 48 
D Clorpactin 22 73 
True control wound infection rate............ 82.8 per cent 


The incisions in the preceding groups 
were closed with a single suture approxi- 
mately 1 hour after contamination. 


Group III—tight closure. These wounds were 
handled in the same fashion as in group II except 2 to 
4 sutures were used in the closure. 

Group IV—irrigation with iodine solution. These 
wounds were irrigated with 75 to 100 cubic centi- 
meters of 3 per cent iodine solution. 

Group V—irrigation with clorpactin WCS-90. The 
wounds were irrigated with 50 to 100 cubic centi- 
meters of clorpactin WCS-90 (0.2 per cent). 

Group VI—irrigation with neomycin. The wounds 
were irrigated with 75 to 100 cubic centimeters of 1 
per cent neomycin solution. 

Group VII—irrigation with various amounts of 
normal saline. The wounds were irrigated with 500, 
200, and 100 cubic centimeters of normal saline. 

Group VIII—irrigation with various concentra- 
tions of sulfamylon. The wounds were irrigated with 
100 cubic centimeters of 20, 5, and 2 per cent solu- 
tions of sulfamylon. 


Irrigations in these groups were made 
approximately 1 hour after contamination 
of the wound which was closed with a 
single suture. The presence of pus in the 
wound at 72 hours after contamination 
was used in this study as the indication of 
infection. Data were subjected to the “‘pro- 
portional t test’’ for significance. 

The results are summarized in Table II. 
As a base line for the evaluation of tech- 
nique, a 5 per cent infection rate was found 
in incisions not contaminated with a direct 
fecal smear. There was no significant differ- 
ence in the effect produced by the use of 
tight or loose closures in this study. All 
agents used in irrigation of the contami- 
nated wounds resulted in a significant re- 
duction in the number of infections when 
used in approximately 1 hour after con- 
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tamination. There was no significant differ- 
ence found between the following: iodine 
irrigation, clorpactin WCS-90, 500 and 250 
cubic centimeters normal saline irrigations, 
2 per cent sulfamylon, and 5 per cent sulfa- 
mylon irrigations, although all but 250 
cubic centimeters of normal saline were 
significantly better than 100 cubic centi- 
meters of normal saline. A 20 per cent 
sulfamylon solution was significantly more 
effective in preventing infection than any 
of the agents mentioned. Neomycin in turn 
was the most effective irrigating agent 
tested, being much more effective than 20 
per cent sulfamylon. 

Within the normal saline group there 
was found no significant difference between 
the 500 and the 250 cubic centimeter irri- 
gations, or between the 250 and the 100 
cubic centimeter irrigations, although there 
was a significant difference between the 
500 and 100 cubic centimeter irrigations. 
However, the wounds irrigated with 100 
cubic centimeters were less infected than 
the controls; the wounds irrigated with 250 
cubic centimeters were less infected than 
with 100 cubic centimeter irrigations; and 
the least number of infections were obtained 
with 500 cubic centimeter irrigations. 

Table IIT lists the various agents tested 
by groups which are significantly different 
in their effectiveness in prevention of infec- 
tion in wounds contaminated by a direct 
fecal smear. 


DISCUSSION 


Many methods have been employed to 
prevent infection in contaminated wounds. 
They include cleansing with soap and water, 
delayed closure, and irrigation with saline, 
sulfonamides, sulfonamide-antibiotic solu- 
tions, and clorpactin WCS-90. Antibiotics 
have been administered both parenterally 
and locally. The history of wound irrigation 
has been filled with successes and failures. 
However, the good results obtained by 
Carrel with a solution of hypochlorite in a 
concentration of between 0.45 and 0.50 per 
cent in irrigating contaminated wounds 
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brought about widespread acceptance of 
wound lavage. 

Mason, Koch, and Estes recommended 
that contaminated wounds be thoroughly 
cleaned with soap and water followed by 
irrigation with normal saline. Whipple ad- 
vocated the use of debridement and thorough 
irrigation with normal saline. Peterson com- 
pared normal saline lavage with soap and 
water methods of cleaning contaminated 
wounds and found that normal saline irri- 
gation gave the lowest incidence of infec- 
tion. In our studies, although soap and wa- 
ter methods were not studied, normal saline 
significantly reduced the incidence of in- 
fection when compared to controls. 

Peterson also reported on the effect of 
various quantities of normal saline irriga- 
tion in wounds in dogs which had been con- 
taminated with a culture of hemolytic 
staphylococcus. He reported that wounds 
irrigated with 1,000 cubic centimeters of 
normal saline were less often infected than 
those irrigated with 500 cubic centimeters, 
and also that the 500 cubic centimeter 
group was more efficient in decreasing in- 
fection than the 250 cubic centimeter irri- 
gation. Our experimental work with wounds 
contaminated with a direct fecal smear 
would seem to confirm his observations. 

Gliedman obtained good results with 
clorpactin WCS-90 when used topically, 
intraperitoneally, and intracolonically. He 
used it for impromptu bowel cleansing and 
sterilization, using a preliminary saline 
irrigation followed by a 0.4 per cent clor- 
pactin WCS-90 wash, which effectively 
cleansed the colon and very rapidly reduced 
bacterial counts to sterile or trace levels. 

Sulfamylon has been used by Craig in a 
sterile 5 per cent solution. He placed ap- 
proximately 100 cubic centimeters into the 
peritoneal cavity of 3 patients from whom 
perforated, gangrenous appendices had 
been removed and the abdomen closed. 
There were no systemic reactions. He also 
treated 2 cases of duodenal perforation 
consequent to peptic ulcer in a similar way, 
and recovery was uneventful. Sulfamylon 
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TABLE II.—COMPARISON OF THE EFFECTIVENESS 
OF THE VARIOUS METHODS USED IN PREVEN- 
TION OF INFECTION IN WOUNDS CONTAMINAT- 
ED BY A DIRECT FECAL SMEAR 


Group Treatment No.of No. No. Per cent 
No. used incisions infected uninfected infected 
I Not contaminated 40 2 38 5.0 
II Controls not 76 63 13 82.8 
irrigated 
III‘ Tight closure 24 19 5 79.2 
IV 3 per cent iodine 24. 10 14 41.7 
irrigation 
Vv Clorpactin 
irrigation 41 17 24 41.5 
VI per cent neomycin 
irrigation 33 1 32 3.0 
VII Normal saline 
irrigation 
500 c.c. 38 15 25 39.5 
250 c.c. 38 17 21 44.7 
100 c.c. 45 23 25 51.1 
VIII Sulfamylon 
irrigation 
2 per cent 40 16 24 40.0 
5 per cent 38 13 27 34.2 
20 per cent 38 9 29 23.7 


Note: All irrigating agents used significantly reduced the infection 
rate when used within 1 hour. 


has been used in combination with strepto- 
mycin by Howes and Thompson with good 
results in the prevention of infection in 
contaminated wounds. In our studies, no 
significant difference was found between 
2 per cent sulfamylon, 5 per cent sulfamylon 
and iodine, clorpactin WCS-90, or 500 
cubic centimeters of normal saline. How- 
ever, following the suggestion of K. M. 
Smoot, a 20 per cent solution of sulfamylon 
was tried which gave a lower incidence of 
infection than the before-mentioned agents. 

Neomycin has been found effective by 
Poth for instillation into the peritoneal 
cavity and for injection directly into the 
colon to reduce the incidence of infection 
from fecal contamination. Although in our 
study irrigations with neomycin gave a low 
incidence of infection in contaminated 


TABLE III.—COMPARISON OF THE VARIOUS IRRI- 
GATING AGENTS USED 


Group Agent used Per cent infected 

A Normal saline 100 c.c. 51.1 

B Iodine 3 per cent 41.7 
Clorpactin WCS-90 41.5 
Sulfamylon 2 per cent 40 
Normal saline 500 c.c. 39.5 
Sulfamylon 5 per cent 34.2 

Cc Sulfamylon 20 per cent 23.7 

D Neomycin 1 per cent 3.0 
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wounds comparable to noncontaminated 
wounds and seemed to be the most effective 
agent used, in our clinical experience both 
intraperitoneal and abdominal wound in- 
fections have occurred in contaminated 
wounds despite neomycin irrigations. We 
believe that the decreased incidence of in- 
fection in control wounds, when neomycin 
irrigations were used in other wounds in 
the same animal, indicates that absorption 
does take place producing a systemic effect. 
Toxic effects from absorption of neomycin 
used for irrigations in the peritoneal cavity 
have been described. Pridgen and Ferrara 
and Phillips have reported cases of respira- 
tory arrest following the use of such irriga- 
tions. It is doubtful that enough material 
would be absorbed from ordinary wound 
irrigations to make this a problem, espe- 
cially if all of the solution was evacuated 
from the wound following the irrigation. 
Hoffman and Rebak found no evidence of 
ototoxicity, nephrotoxicity, or respiratory 
arrest in 81 operative wounds irrigated 
with 0.5 per cent neomycin solution. 

It should be realized that our experi- 
ments have been done in guinea pigs and 
the results are not necessarily completely 
applicable to humans; however, we believe 
that by such methods one can get an objec- 
tive insight into this problem that would be 
very difficult to reproduce in clinical ex- 
perience with the many uncontrollable 
variables that are present. 


SUMMARY 


Wounds were made in guinea pigs and 
contaminated with feces. One hour later 
after irrigations with various solutions, the 
wounds were closed. All agents used in the 
treatment were significantly effective in re- 
ducing the incidence of infection. 

There was no significant difference in the 
effect of 2 per cent sulfamylon, 5 per cent 
sulfamylon, 3 per cent iodine, clorpactin 
WCS-90, 500 or 250 cubic centimeters of 
normal saline in the prevention of wound 


infection, although all except 250 cubic cen- 
timeters of normal saline were significantly 
more effective than 100 cubic centimeters 
of normal saline. Within the normal saline 
group, the 500 cubic centimeter irrigations 
were more effective than the 250 cubic 
centimeters and the 250 cubic centimeters 
more than the 100 cubic centimeters al- 
though there was a significant difference 
only between the 500 and 100 cubic centi- 
meter groups. 

A 1 per cent neomycin irrigation was the 
most effective method of preventing infec- 
tion in wounds contaminated with fecal 
organisms, whiJe 20 per cent sulfamylon was 
the second most effective agent tested. 

There was no significant difference in the 
effect of tight or loose wound closures. 
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TRANSCRANIAL YTTRIUM” HYPOPHYSECTOMY 
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WILLIAM A. KELLY, M.D., and PAUL V. HARPER, JR., M.D., F.A.C.S., 


Chicago, Illinois 


In concLusion I would say that my paper has been 
written without the desire of being in any way dog- 
matic in the matter of the etiology of cancer. I desire 
it, if anything, to be suggestive. . . . I know that I have 
had nothing in the way of great results, but it must be 
remembered that I have worked with most unpromis- 
ing cases. ... I am sure that I shall be acquitted of 
having acted thoughtlessly or recklessly, and it will be 
believed in all that I have done I have had some rea- 
son for the faith that is in me, and that I have been 
actuated solely by the motives that guide all of us in 
the exercise of our profession—primarily, the interests 
of those who place themselves under our care, and 
secondarily, the progress and the advancement of the 
healing art. 
—GeorcE Tuomas Beatson, M.D. 
On the Treatment of Inoperable 
Cases of Carcinoma of the Mamma: 
Suggestions for a New Method of 
Treatment, with Illustrative Cases. 
Lancet, 1896, 2: 104. 


THE story of the efforts to control malig- 
nancy through modification of the milieu in- 
térieur by attack upon the endocrine system 
was authoritatively reviewed by Huggins in 
1956. It was but a logical step in this attack 
that eventually the effect of ablation of the 
hypophysis should be tested. Luft and Olive- 
crona, teamed as endocrinologist and neuro- 
logic surgeon, were pioneers in this effort. 
Their 1953 paper (9) contains an account of 
the early ablations made in several clinics. 
The report of the Sloan-Kettering Institute 
Symposium on Hypophysectomy, held in 
March 1956, summarized most of the work 
done in the field up to that date (11). 
There is then no need at this time for 
further detailed survey of the literature. 
However, as brought out at that conference, 
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it was evident that there was no unanimity 
of opinion as to the best method of accom- 
plishing complete removal of the hypoph- 
ysis. Indeed, it was not clear from the re- 
sults presented whether a complete removal 
of the hypophysis is imperative. Further- 
more, as has been pointed out by Ténnis, 
there is reason to think that there may at 
times be residual bits of hypophysial tissue 
contained in the hypophysial stalk and lying 
inferior to the sella beyond the field of the 
usual hypophysial attack. 

A few explanatory comments are in order 
concerning the genesis of yttrium” hypoph- 
ysectomy as carried on at the University 
of Chicago. The project was initiated by 
Theodore B. Rasmussen, who in 1953, fol- 
lowing direct surgical removal of the gland 
in 8 instances was not satisfied that the re- 
moval was complete. And here it may be 
noted that Olivecrona (10) also reported 
that among 37 cases there were 4 subtotal 
removals of the hypophysis, checked by post- 
mortem examination, 3 of these instances 
occurring before his own operative tech- 
nique was firmly established. 

Rasmussen discussed this difficulty with 
Paul V. Harper and the latter suggested the 
placement of point sources of radioactive 
yttrium within the gland. This suggestion 
led to a careful experimental approach to 
the problem, using monkeys (12), and fol- 
lowing this work Rasmussen undertook to 
destroy the gland in humans (13). 

Before his departure from Chicago in mid 
1954, Rasmussen had carried out 7 of these 
procedures (Cases 1 to 7 inclusive). For ap- 
proximately a year following Rasmussen’s 
departure from Chicago the procedure was 
carried on by Eric T. Yuhl, who had been 
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associated with the project the preceding 
year. He operated upon 16 patients (Cases 8 
to 24 inclusive, with the exception of Case 
18). In Gases 18 and 25 to 45 inclusive the 
operation was performed by the senior 
author of this article (J.P.E.). 

It is obvious that because of the changing 
supervision, and because of the need of de- 
veloping familiarity with the problem and 
skill in the operative technique, the results 
are not so uniform as would have been the 
case had one surgeon been responsible for 
the entire series. Regardless of this fact, the 
report seems indicated as a contribution to 
the literature on hypophysectomy. 


TECHNIQUE 


In the initial stages of this effort, it was 
thought feasible to destroy the gland with 4 
properly placed radioactive pellets of .5 to 
1.0 millicurie each. As experience was 
gained in the insertion of the beads, it be- 
came increasingly evident that accurate 
placement was difficult, and on a few occa- 
sions beads were actually deposited outside 
the sella. It was concluded that destruction 
of the gland would probably be increased by 
the use of an increased number of point 
sources of lesser activity, on the assumption 
that a more even distribution of radioactive 
pellets would be achieved. 

Initially, the exposures were made through 
a standard right frontal craniotomy. It was 
soon learned that the insertion of a lumbar 
catheter for drainage of the cerebrospinal 
fluid facilitated exposure and lessened the 
trauma to the frontal lobe attendant upon 
retraction. Eventually it was found that a 
very satisfactory exposure could be made 
through a 2 inch crown trephine opening 
with the medial edge placed just lateral to 
the longitudinal sinus and the anterior bor- 
der just above the frontal sinus. On the 1 oc- 
casion when the frontal sinus was opened 
there were no deleterious results. It would 
seem likely, though we have had no experi- 
ence with it, that the proper use of intra- 
venous urea-Travert solution at the time of 
making the exposure would facilitate the 


approach considerably and perhaps elim- 
inate the need of lumbar catheter drainage 
as indicated by Javid. In most instances the 
pituitary stalk was clipped, sometimes di- 
vided, but in 12 it was left intact. 

Our greatest trouble came with the tend- 
ency on the part of all 3 surgeons to malalign 
the needle used to deliver the radioactive 
pellets (Fig. 1) so that they tended to be dis- 
tributed in greater number in the left half of 
the gland. In the effort to correct this error, 
a bifrontal bone flap was attempted on 1 
occasion with disastrous results. The patient 
(Case 30) was elderly, and serious bleeding 
followed tearing of the adherent dura. 
Frontal lobe swelling followed the control of 
the venous bleeding and this necessitated 
frontal lobe amputation. The patient was 
lost on the table from hemorrhage from the 
anterior cerebral artery. Since the beads 
could not be injected, this case is excluded 
from the analysis of treatment effect, but is 
included in the assessment of operative mor- 
tality. This regrettable accident was 1 of 2 
deaths directly attributable to surgery in the 
third portion of the series. Mortality figures 
will be further discussed in a later section. 

Three objectives were sought in the use of 
radioactive yttrium in preference to surgical 
ablation. The first of these was a lessening of 
the risk of hemorrhage, which was accom- 
plished. The second goal was a shortening of 
the time of frontal lobe retraction. Though 
it took less time to place the pellets than is 
required in our hands for gland ablation, the 
need of x-ray control of placement of the 
beads lengthened considerably the time of 
lobe retraction. The third and primary ob- 
jective was total destruction of the gland. 
This has not been accomplished. 

Efforts to ablate the hypophysis had been 
made in Germany by Bauer by implantation 
of radioactive gold, in Sweden by Hamberger 
by removal through a direct anterior trans- 
sphenoidal approach, in France by Talai- 
rach and in England by Forrest and asso- 
ciates by radioactive implantations. While 
our interests were centered upon attempting 
the perfection of the transcranial approach, 
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we could not deny the greater simplicity of 
the transsphenoidal yttrium” attack which 
our colleague in the Ear, Nose, and Throat 
Department, William M. S. Ironside, wished 
toundertake. Working with Robert Moseley, 
Jr. of the Department of Radiology, he was 
seeking more accurate placement control of 
the pellets through the use of 2 Phillips flu- 
oroscopic image intensifiers, affording bi- 
plane observation—a method of control not 
readily applicable to use in a craniotomy 
field (5). We have accordingly carried out 
no transcranial hypophysectomies since May 
8 of 1957. Our follow-up study extending to 
August 1, 1958, of the results of transcranial 
yttrium” hypophysectomy, affords therefore 
a minimum follow-up period of 15 months. 
A preliminary report of the transsphenoidal 
group is available (5) in which some tech- 
nical considerations are discussed and early 
therapeutic assessment is provided. A pro- 
jected later report of these transsphenoidal 
cases will make possible an evaluation of rel- 
ative hazards, rate of complications, and 
effectiveness of control of tumor growth. 

The results in a relatively small series, 
such as we are presenting herewith, demand 
most careful scrutiny. ‘The vagaries of rate of 
growth in cancer of the breast are such that 
interpretations must be cautiously made. 
Such factors as selection of cases and indeed 
the referral of cases into a particular hospital 
must make one wary of the claims of thera- 
peutic results. General trends, however, can 
be indicated, and it is in this spirit that these 
studies are presented. 


SELECTION OF CASES AND GENERAL COMMENTS 
—TOTAL TRANSCRANIAL SERIES 


Reference to Table I indicates the total 
range of cases in which it was hoped the pro- 
cedure might influence the cancer. There 
was no effort made at selection of cases. 
Since it was believed that results were un- 
predictable, patients were seldom refused 
potential benefit. Three patients who were 
critically ill were subjected to operation in 
the desperate hope that they might receive 
benefit; special reference will be made to 


this point later. In common with that of 
other investigators, our conviction grew 
with experience that the only tumors that 
are hormonally dependent are those of 
breast and prostate. Since the 2 males with 
breast cancer in this series, Cases 2 and 26, 
died after operation in 14 days and 24 hours 
respectively, the second with a large medul- 
lary metastasis, we can offer no opinion in 
this group. A single patient with prostatic 
carcinoma, Case 15, appeared to have con- 
siderable relief from the bone pain derived 
from the skeletal metastases. The x-ray 
studies of his bone changes showed stability 
for 5 months and then a progression of the 
disease. The relief from pain lasted about 12 
months and death occurred at 15 months. 

Comments concerning the cases of female 
breast carcinoma will be reserved for a later 
section. We can say categorically that our 
own results were negative in all types of tu- 
mor other than breast and prostatic. The 
number of other types was too limited to 
permit firm conclusions, but in the light of 
the accumulated observations of all workers 
in the field it would seem reasonable to 
state that some forms of breast cancer are 
subject to the influence of hypophysial abla- 
tion, and also some forms of prostatic can- 
cer. Unfortunately we are not in a position 
to give valid and adequate information con- 
cerning the effect of hypophysectomy upon 
steroid levels, upon alkaline and acid phos- 
phatases, or upon target gland structural 
changes. These latter changes may well be 
the subject of a later communication from 
this institution. In general, from the clinical 
point of view, it may be said that in the ex- 
perience of the present authors, picking up 
the project relatively late, there were no 
specially troublesome endocrinologic diffi- 
culties encountered in the postoperative 
period. The same may be said of electrolyte 
balance, though in some of the earlier cases 
and also as late as Case 20, difficulties were 
encountered. 

Generally, patients received at least 100 
milligrams of cortisone the day before oper- 
ation. Postoperatively they received 150 to 
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200 milligrams on the day of operation, 
which amount was then reduced to 50 milli- 
grams per day in the first week and there- 
after patients have been kept on 25 milli- 
grams twice a day indefinitely. Desoxycor- 
ticosterone acetate was seldom needed as 
confidence was gained in dealing with the 
postoperative care. Thyroid was adminis- 
tered according to need and was dictated by 
weight gain. In warm weather salt intake 
was increased. 


COMPLICATIONS— TOTAL SERIES 


Anosmia. ‘This condition was found to be 
present in 4 cases. In almost all instances the 
right olfactory tract was deliberately cut 
and on some occasions the left olfactory 
tract sustained pull as the right frontal lobe 
was lifted. 

Optic atrophy. Optic atrophy only, of the 
left eye, was observed in 1 case (Case 25); 
optic atrophy and amblyopia were found in 
2 cases (Cases 21 and 24). In Case 21 am- 
blyopia and optic atrophy must be attribut- 
ed to radiation. In Case 24 serious visual 
impairment was noted in the left eye. In 
this instance, postoperative subdural clot 
was evacuated at a second procedure. The 
chiasmatic region was explored under diffi- 
cult circumstances, and the reason for the 
visual loss is difficult to state because the 
patient’s postoperative condition interfered 
with adequate assessment. It may have been 
due either to radiation effect or to mechan- 
ical injury. In Case 25, on postoperative 
check of visual acuity at 11 days, 20/20 
vision was found in the left eye. Three 
months postoperatively left optic atrophy 
was first noted. The visual acuity was then 
found to be 20/25. Conceivably further de- 
terioration in vision might have occurred 
had the patient lived more than 4 months. 

Extraocular palsies. ‘Twelve of the 44 pa- 
tients (27.2 per cent) suffered extraocular 
muscle palsy. In 4 of these, 2 or more nerves 
were affected. 

Typically, radiation palsy came on about 
36 hours or a little later and this time inter- 
val leaves no doubt as to the radiation na- 


ture of the damage. In 1 instance a sixth 
nerve palsy was found immediately after 
operation, and in this case it seemed logical 
to conclude that the needle used for insert- 
ing the beads had been pushed beyond sellar 
limits and had contused and probably cut 
the sixth nerve. In this instance, however, 
the postoperative x-ray film showed no evi- 
dence of a misplaced bead. 

We had always considered that if ade- 
quate time ensued, recovery should occur 
from the radiation damage. It is of interest 
that in 2 of the patients who are still living, 
return of function has occurred and strabis- 
mus can no longer be determined. One pa- 
tient who has survived 39 months still com- 
plains of diplopia on extreme lateral gaze, 
but the second patient, who at the time of 
writing has survived 18 months, reports that 
she has been fitted for bifocal glasses and 
that she has been sewing and doing button- 
hole work. 

Rhinorrhea. In 5 cases (11.4 per cent)cere- 
brospinal fluid leak followed operation. In 1 
instance a mild bout of meningitis sealed the 
leak. In 3 cases the rhinorrhea was repaired 
by intracranial approach, in 1 case 2 oper- 
ations being necessary. In 2 of these in- 
stances, a bout of meningitis had failed to 
seal the leak. Leak has persisted intermit- 
tently in the fifth case without dire conse- 
quence until at the time of writing, 15 
months after operation, intracranial exten- 
sion of skull metastasis is threatening her life. 

Rhinorrhea apparently may result from 
lifting of the olfactory bulb out of the olfac- 
tory groove, with an associated avulsion of 
nerve filaments out of the cribriform plate. 
Therefore, in our later cases, the right olfac- 
tory tract was divided early, and particular 
effort was made not to tear out the left ol- 
factory bulb while lifting the right frontal 
lobe. If cribriform plate repair is necessary, 
care must be used in deciding which side is 
the source of the leak. 

In 1 instance a leak occurred when a 
needle track was established through the 
floor of the sella. In another instance it 
apparently resulted directly from radiation 
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TABLE II.—ANALYSIS OF RESULTS OF Y*® HYPOPHYSECTOMY IN FAVORABLE CASES OF FEMALE BREAST 


CANCER 
Age at Time Hist. dest., X-ray est. 

Case No. Hx Dx Hist. Dx per cent destruction, per cent Results Age group 
13 50 96 Adeno. _ 80 15D/12A Meno. 
17 43 24 Ductile 86 80 17D/13R Pre. 
22 52 81 Adeno. _ 75 39L/18A Meno. 
23 42 72 Ductile —_ 80 39L/39R Pre. 
27 ' 48 15 Ductile = 70 32L/32A Meno. 
29 64 48 Unknown _ 75 28L/28A Post. 
40 43 60 Comedo — 70 18L/18A Post. 
41 39 48 Ductile _ 85 16L/16R Pre. 
42 41 60 Unknown _ 90 16L/16A Pre. 
43 69 6 Adeno. = 90 16L/15A Post. 
45 66 72 Scirrhous 80 15L/13A Post. 

Key: 

Age at Hx: Patient’s age at time of hypophysectoniy. ; 

Time Dx: Time interval between initial diagnosis of cancer and date of hypophysectomy, in months. 

Hist. Dx: These diagnoses were not subjected to a single final authority. 

“— | oon An eval of the adequacy of pellet dispersion tn terms of percentage destruction of the entire gland. 

Results: Duration in months; L, patients still living at time of review; A, arrests; R, regressions in the active disease process; D, deaths, in 


months posthypophysectomy. 


necrosis produced by a pellet lying deep in 
the gland close to the sellar floor. It may 
sometimes be difficult to decide whether a 
leak is of cribriform plate or sellar deriva- 
tion. 

Diabetes insipidus. In most instances the 
pituitary stalk was clipped, though in 12 of 
the 44 cases it was left intact. The stalk was 
actually divided following clipping in the 
majority of instances. It is difficult to state 
accurately the site of clipping, whether high 
or low, and indeed there is considerable 
variability in the length of the stalk and 
whether in some instances neuromecha- 
nisms may have been implicated is specula- 
tive. 

Thirty patients were found to have evi- 
dence of diabetes insipidus and quite possi- 
bly the incidence might have been higher 
had some of the patients who succumbed 
shortly after operation lived longer. In most 
instances it was easily controlled by pitressin 
insufflation, occasionally pitressin in oil 
proved necessary for a time. In 1 instance a 
patient complained rather bitterly of the 
inconvenience she was caused, but in gen- 
eral diabetes insipidus was not a particular 
problem. 

Frontal lobe damage. Unquestionably, dam- 
age to the frontal lobe occurs occasionally 
despite the utmost care to avoid it. For a 
time we thought that the retraction of the 


lobe with possible attendant lobe softening 
might be producing a lobotomy effect and 
might be responsible for the relief from pain 
following hypophysectomy. Later experi- 
ence, however, indicates that this is not a 
consistent explanation. Furthermore, relief 
has been regularly seen in favorable cases 
following hypophysial approach that does 
not involve frontal lobe retraction. 

There were 7 cases in which frontal lobe 
damage had occurred, 15.9 per cent. In 
Cases 2 and 31 frontal lobe damage un- 
doubtedly contributed significantly to death 
at 14 and 5 days respectively. In Case 18 
with widespread metastases, frontal lobe 
damage presumably added to the factors 
responsible for death at 7 days. 


In Case 2 listed as critical before operation, the pa- 
tient died in coma at 14 days. At autopsy, softening of 
the right frontal lobe and intraventricular hemorrhage 
were found. 

In Case 18 the patient died at 7 days, having re- 
mained comatose after operation and having had con- 
vulsive seizures in the postoperative period. There 
were no gross findings in the brain when it was cut, 
but there were widespread generalized body metas- 
tases. In this instance the coma and seizures can 
hardly be regarded as due to the operative procedure 
per se, but the case has been included as an instance 
of possible functional disturbance of the frontal lobe. 

In Case 24 a 56 year old female developed signs 
the day following insertion of the radioactive pel- 
lets that indicated the development of a postopera- 
tive clot. Re-explaration revealed a subdural hema- 
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TABLE III.—YTTRIUM” GLAND DESTRUCTION 


Case Hist. dest., X-ray est., 
No. Response Age group per cent per cent 
3 F Premeno. _ 60 
17 R Premeno. 86 80 
23 R Premeno. Liv. 80 
41 R Premeno. Liv. 85 
42 A Premeno. Liv. 90 
4 F Menopause 60 80 
11 F Menopause 20 20 
14 F Menopause 75 90 
18 F Menopause 80 100 
28 F Menopause 59 70 
35 F Menopause —_ 80 
37 F Menopause 91 85 
39 F Menopause _ 75 
25 F Menopause 60 65 
44 F Menopause Liv. 85 
13 A Menopause _ 80 
22 A Menopause Liv. ve 
27 A Menopause Liv. 70 
40 A Menopause Liv. 70 
21 F Postmeno. 74 70 
31 F Postmeno. 87 70 
32 F Postmeno. _- 60 
33 F Postmeno. 54 80 
34 F Postmeno. 88 80 
8 F Postmeno. 90 No x-rays 
20 F Postmeno. 88 80 
24 F Postmeno. _ 80 
36 F Postmeno. 80 
29 A Postmeno. Liv. 75 
45 A Postmeno. Liv. 80 
43 A Postmeno. Liv. 90 


Key: 
F: — Arrest; R: Regression. 
Age group: Premenopausal, 
Hist. dest: 


P 1, and post 

Planimetric estimation of percentage destruction of hy- 
pophysis in autopsy cases. 

Estimation of percentage destruction of gland by x-ray 
film ° quacy of pellet placement. In 
Case 8 no postoperative films. 


X-ray est: 


toma under the frontal lobe and softening of the lobe. 
Her postoperative recovery was slow and normal 
orientation and co-operation appeared only in the 
fourth week. Autopsy done elsewhere at 5 months 
showed ‘‘an area of destruction” in the right frontal 
lobe. 

In Case 31, the death of a 65 year old woman 
with advanced arteriosclerosis was clearly related to 
the operative procedure, for antemortem coma of 5 
days was readily explained by the findings at autopsy. 
There was found extensive softening of the frontal 
lobe which no doubt resulted from the prolonged re- 
traction of the lobe. The delay was due to difficulty 
in manipulating a newly designed “‘ gun” whose ob- 
jective was the more ready injection of pellets into 
the delivery needle. 

In Case 10 after an apparently uneventful exposure 
of the sellar region, postoperative coma developed 
associated with a left hemiparesis. The clinical picture 
cleared in about 10 days. Death occurred 8 months 
after operation but was not followed by autopsy so that 
the degree of presumed frontal lobe damage cannot be 
stated. 
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TABLE IV.—Y® HYPOPHYSECTOMY AND PREVIOUS 
RESPONSE TO ENDOCRINE THERAPY 


Case Hor- 
No. Response Age group | Oopho. Adren. Rad. mone 
3 ‘Failure Premeno. 
Regression Premeno. 
23 ‘Regression Premeno. * 
41 Arrest Premeno. 
42 Arrest Premeno. * 

11 Failure Menopause — 
14‘ Failure Menopause * _ 
18‘ Failure Menopause - 
28 Failure Menopause * 
35 Failure Menopause r— * 
37s‘ Failure Menopause * * * * 
39 Failure Menopause * 

25 Failure Menopause r— 
13. Arrest Menopause 
22 ~—s Arrest Menopause rt 
27 ~—s Arrest Menopause 
40 Arrest Menopause - 
21 Failure Postmeno. 
31. Failure Postmeno. * * * * 
32 Failure Postmeno. 
34 Failure Postmeno. - 

20 ‘Failure Postmeno. 
24 Failure Postmeno. 
36 Failure Postmeno. 0 * 

29 Arrest Postmeno. 
45 Arrest Postmeno. * 
43 Regression Postmeno. 


Ke 
a Pats. within 5 years after last menstruation or castration, 
—s No favorable response to procedure. 

*; Regression or arrest to procedure over 5 months. 
Radiation oophorectomy. 

Oophorectomy years before onset of ca. 


Finally, Case 20 was that of a 59 year old female, 
whose operative exposure was characterized by the 
clipping of several bridging veins and by reported 
contusion of the under surface of the frontal lobe, 
which occurred during the exposure. Her postopera- 
tive course proved to be stormy and her level of 
consciousness varied sporadically for many days. 
There was difficulty in controlling her electrolyte bal- 
ance, which may have played a role in her varying 
level of consciousness. However, following operation 
she was mentally dull and the autopsy which was 
done following death at 314 months revealed a 4 by 6 
centimeter area of yellowing and softening in the 
right frontal lobe. 


While one might subtract Case 18 from 
this group, inasmuch as there were no gross 
disturbances found in the frontal lobe, the 
occurrence of significant frontal lobe dam- 
age in 6 out of 44 cases (13.6 per cent, 
though autopsy evidence is lacking in 1 
case) is disturbing, particularly when it is 
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Age group Mastec. Nodes 


F Premeno. * 
Premeno. 
Premeno. 
Premeno. 
Premeno. 


* 


* * * 


Menopause 
Menopause 
Menopause 
Menopause 
Menopause 
Menopause 
Menopause 
Menopause 
Menopause 
Menopause 
Menopause 
Menopause 
Menopause 
Menopause 


* 


ui 


Postmeno. 
Postmeno. 
Postmeno. 
Postmeno. 
Postmeno. 
Postmeno. 
Postmeno. 
Postmeno. 
Postmeno. 
Postmeno. 
Postmeno. 
Postmeno. 


Failure. 
Regression. 
Arrest. 
Age group: Premenopausal, menopausal, and postmenopausal. 
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TABLE V.—RELATION BETWEEN RESULT AND EXTENT OF METASTASES 


401 


Bones Liver Brain Lung Pleura — Skin 


* * * 


* * * * * 


* 


* 
* 
* 


* 
He 
* 


& 


** 
* 
* 


* 


Mastec. Radical mastectomy indicated by *, simple mastectomy indicated by s. 
* 


Elsewhere indicates extent of metastases in organ listed. 


remembered that increased intracranial 
pressure was seldom a complication in the 
operative approach and, in fact, with lum- 
bar catheter drainage the necessary retrac- 
tion was what would be regarded by most 
neurologic surgeons as minimal. 

Mortality figures—total series. As noted ear- 
lier, 45 patients were operated upon with the 
intention of placing radioactive pellets in 
the hypophysis. In 1 instance, however, 
death on the operating table, as described 
elsewhere, precluded placement of the pel- 
lets. This case, however, is included in the 
mortality statistics. Forty-five operations 
were done in 44 patients, since 1 required 
reoperation at 30 hours for evacuation of a 
postoperative clot (Case 24). Not included 
are 4 operations done in 3 patients for the 
i\epair of postoperative rhinorrhea. 

The over-all mortality for the 45 oper- 
itions was 18.1 per cent. There were 8 


deaths in the first 2 weeks and the percent- 
age figure, therefore, includes all cases that 
in our judgment could, even in the strictest 
terms, be regarded as attributable to oper- 
ation. Three of the 8 cases were critical at 
the time the procedure was carried out, and 
these patients were operated upon only so 
that no last chance of helping them to sur- 
vive would be overlooked. On the basis of 5 
deaths, the mortality drops to 11.3 per cent, 
a figure still influenced unfavorably by the 
presence of widespread malignant disease. 


ANALYSIS OF RESULTS OF YTTRIUM” HYPOPH- 
YSECTOMY IN CANCER OF THE BREAST 


Definitions. Failures included those patients 
in whom no definite beneficial effects, sub- 
jective or objective, were obtained. Into the 
failure group have been thrown results that 
were regarded as “‘questionable.” 

In the satisfactory results are included 
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Fic. 1. Photograph of a curved No. 17 lumbar punc- 
ture needle. The illustration also shows the relative size 
of the pellet, and to the right may be seen the adjustable 
lead shield which is used to protect the fingers of the 
surgeon. 


cases in which both “‘arrest’”’ of a 5 months’ 
minimal duration (an arbitrary figure) and 
‘‘regression”’ of a similar duration occurred. 
By arrest is meant a subjective relief of pain 
and objective evidence of a stationary situa- 
tion as evidenced in local appearance of the 
breast lesion, stationary x-ray appearance of 
metastases, and arrest of pleural effusion. By 
regression is meant subjective relief of pain, 
objective evidence of recession in the local 
breast lesion, improved x-ray appearance of 
metastases, and arrest of pleural effusion. 
Table II lists the 11 cases that were re- 
garded as gratifying, out of the 31 cases of 
female breast cancer. A point of particular 
importance is that the figures in the column 
‘Time Dx,” the time between initial diag- 


F Fic. 3. Same case. Showing the sharp border of necro- 
sis. Hematoxylin and eosin, X54. 


Fic. 2. Case 17. Survival period 17 months. Period of 


regression 13 months. X-ray estimate of gland destruc- 
tion, 80 per cent; postmortem estimate of histologic de- 
struction, 86 per cent. The lateral view shows the failure 
to place pellets in anterior superior portion of gland. 


nosis and hypophysectomy will be seen to be 
many months longer, except in 2 instances, 
than the respective figures given in ‘‘Re- 
sults” column. In the latter column, ‘‘L” 
indicates months of survival in those pa- 
tients still living, ‘‘D”’ the same for those in 
whom death has occurred, ‘“‘R”’ stands for 
months of regression, and ‘‘A”’ for months 
of arrest. 

Histologic diagnosis. There were 4 ductile 
carcinomas among the 11 positively respond- 
ing patients (36.4 per cent). The failure 
group included only 5 per cent ductile car- 
cinomas. The groups are so small, however, 
that the figures may not be significant. Thus 
no significance can be attached to the fact 
that the 1 scirrhous carcinoma responded 


Fic. 4. Same case, same area. Cellular disturbance ex 
tends beyond necrosis. Hematoxylin and eosin, X 246. 
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Fic. 5. Case 41. Preoperative roentgenographic film of 
chest showing the presence of pleural effusion on Febru- 
ary 11,1957. 


favorably, and 2 (out of the 20 failures) un- 
favorably. Furthermore the initial diag- 
noses were made by various pathologists 
and uniformity of diagnostic criteria is 
lacking. 

Age group. Here again the number of cases 
included is too small to permit any sort of 
decision concerning the influence of the 
menstrual situation on susceptibility to fa- 
vorable influence. Three patients were over 
60 years old. 

Estimate of histologic destruction. In the sur- 
viving cases, this estimate includes the 
probable histologic destruction as judged by 
the x-ray determination of bead placement. 
The most striking fact is, of course, that we 
have no basis for claiming to destroy the 
gland completely, even though there seems 
to have been some favorable influence on 
the disease process (Table III). 

Possible value of experience. A point of 
interest is that of the last 6 cases in the total 
series 5 fell under the satisfactory group. 


Fic. 6. Same case. Film of chest on May 23, 1957, 
showing clearing of pleural effusion. Hypophysectomy 
was carried out on February 20, 1957. 


These were not preselected cases but it is 
quite possible that a chance selection pro- 
vided us with a more favorable group. Since 
there is no case of the group from Cases 30 
to 40 in the satisfactory listing, it seems 
likely that chance favored those numbered 
40 to 45 (except in Case 44). Because these 


Fic. 7. Same case. Living in regression 18 months fol- 
lowing hypophysectomy. X-ray estimate of destruction 
of gland, 85 per cent. 
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patients are still living, we cannot offer 
histologic proof that gland destruction was 
more effective. Indeed, on the estimates of 
gland destruction based on the postopera- 
tive x-ray film estimates of the adequacy of 
pellet dispersion, and on the basis of plani- 
metric measurements of serial sections of the 
hypophysis removed from the postmortem 
cases, we make the assumption with refer- 
ence to mammary carcinoma that was made 
by Fergusson in his report on carcinoma of 
the prostate that ‘*. . . It may be concluded 
that while total radionecrosis of the pitui- 
tary may be the desirable objective, a suffi- 
cient reduction of hypophyseal activity may 
sometimes be achieved by partial destruc- 
tion of the gland to influence the endocrine 
control of prostatic malignancy.” If this is a 
correct conclusion, the concern of Ténnis 
over small rests of extrasellar hypophysial 
tissue is not substantiated (Figs. 2, 3, and 4). 

Does previous response to endocrine therapy aid 
in predicting the result of hypophysectomy? The 
series is too small to permit of a valid answer 
to this question. It does seem clear, how- 
ever, that a favorable response to previous 
endocrine procedures, as listed in Table IV, 
does not assure the success of hypophysec- 
tomy (Cases 14, 37, and 39 in the meno- 
pausal group and Cases 31, 33, 8, 20, and 24 
in the postmenopausal group). 

It is of interest that 4 of the 11 gratifying 
cases fall into the premenopausal group in 
which there was only 1 failure. 

Influence of metastatic spread on likelihood of 
successful hypophysectomy. Reference to Table 
V_ shows clearly what a priori would be 
suspected: that the more widespread the 
disease, the less likely is hypophysectomy to 
be beneficial. Though this statement holds 
true in general, it is not an invariable rule, 
for in Case 29 a most gratifying arrest fol- 
lowed the operation that was done with no 
sure hope of any benefit. The patient’s sub- 
jective improvement has been. striking, 
though there seemed to be some very mod- 
erate progress in the bony lesions just after 
hypophysectomy. The estimate by x-ray 
examination of gland destruction was 75 


per cent. Case 23 with an estimated 80 per 
cent destruction has shown a very gratify- 
ing improvement in the appearance of the 
metastases and in the clearing of pleural 
effusion. Again, Case 41 with an estimated 
85 per cent destruction is another paticnt 
who has shown clearing of pleural effusion 
(Figs. 5, 6, and 7). 

Though in our good cases the postliy- 
pophysectomy span of life is, in all instances, 
except Cases 27 and 43, shorter than the in- 
terval between diagnosis and hypophysec- 
tomy, the fact remains that the average 
posthypophysectomy survival of the failure 
cases was 4.5 months; whereas a comparable 
figure at the time of writing this report was 
23.7 months for regression and was 22.2 
months for arrest. One must conclude that, 
in the over-all group, life expectancy has 
been increased by hypophysectomy. It is 
proper to emphasize the fact that these were 
all, with possibly 1 or 2 exceptions, cases 
that had “‘broken loose’’ from earlier forms 
of therapeutic control. All writers have com- 
mented upon the rather general relief from 
pain which has characterized those cases in 
which objective improvement was shown. 
As has already been noted, we thought for 
some time that this benefit might be related 
to a lobotomy effect as the result of retrac- 
tion of the frontal lobe. We have, however, 
had to abandon this explanation, since it 
obviously does not hold in those instances 
in which hypophysectomy has been accom- 
plished by other routes than the transcra- 
nial. 


CONCLUSIONS 


1. In 31 cases of carcinoma of the female 
breast, yttrium” transcranial hypophysec- 
tomy has been followed by an arrest of the 
disease in 8 cases. The arrests have been ol 
12 or more months’ duration. In 3 cases a 
regression of the disease process has per- 
sisted for 13 or more months. 

2. Transcranial yttrium” hypophysec- 
tomy approximates surgical hypophysec- 
tomy in safety and in effectiveness in the 
treatment of mammary cancer. 
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Transsphenoidal yttrium® hypophys- 
«tomy has a lower mortality rate than the 
iranscranial. In our experience at the Uni- 
versity of Chicago Clinics it has proved a 
more readily acceptable procedure to both 
the referring physician and the patient. 

4. Comparison of the complication rate of 
the transsphenoidal approach with that of 
the transcranial must await detailed analy- 
sis of the transsphenoidal series. The per- 
centage of gland destruction achievable by 
the transsphenoidal route likewise must 
await detailed analysis. 

5. It seems probable that total destruc- 
tion of the gland is not imperative for 
favorable response in cancer of the female 
breast. Other factors in the total equation, 
and primarily endocrine gland dependence, 
are weighty considerations. We cannot state 
whether total destruction of the gland would 
produce a more lasting regression. 

6. We know no method at present by 
which to predict which of the female breast 
cancers are hormonally dependent. 

7. We have no evidence to suggest that 
hypophysectomy is of value in the treat- 
ment of cancer of other organs than breast 
and prostate. 
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STUDIES ON THE ACCELERATION OF WOUND 
HEALING WITH CARTILAGE 


II. Eistologic Observations 


ROBERT E. PAULETTE, M.D., Columbia, Missouri, and JOHN F. PRUDDEN, M.D., 


Med. Sc.D., F.A.C.S., New York, New York 


CarTILAGE has recently been demonstrated 
to produce an acceleration of wound healing 
in the rat. This effect was brought about by 
the local application of powdered bovine 
tracheal cartilage (acid-pepsin digested), 
and amounted to an increase of approxi- 
mately 20 per cent of the control tensile 
strength of midline abdominal incisions on 
the seventh postoperative day. 

Current studies (3) have shown that the 
cartilage effect is properly termed an ac- 
celeration, since the entire curve relating 
wound tensile strength to postoperative time 
is moved to the left while still retaining its 
characteristic mathematical features. At the 
same time that these data were being gath- 
ered, another series of animals prepared with 
the same method was used for a histologic 
study of the reparative processes in the ab- 
dominal wounds and reviewed by Dr. Raf- 
faele Lattes. Besides the wounds treated 
with powdered cartilage, control experi- 
ments were done in which similar wounds 
were treated with talcum powder, and 
others were left untreated. 


METHODS 


The technique of operation was identical 
to that described in the original report (2). 
At the time selected for histologic sampling 
of the wound, the animal was killed, and a 
bloc of tissue including the full thickness of 
the abdominal wall was removed (with its 

Supported by grants from the Mead-Johnson Company, and 


from the National Institute of Arthritis and Metabolic Diseases 
(Grants A-603 and A-1868). 

From the Department of Surgery and the Laboratory of 
Surgical Pathology, College of Physicians and Surgeons, Colum- 
bia University, New York. 


long axis transverse to the wound). ‘This ma- 
terial was fixed in 10 per cent formalin and 
cut transversely to the sutured wound. All 
sections were stained with hematoxylin and 
eosin, with Masson’s trichome, and with 
Laidlaw’s reticulin stain. 

The wounds were sampled at 1, 2, 3, 4, 5, 
6, 7, 8, 9, 21, 25, 41, and 63 days postopera- 
tively. A total of 134 animals was used in 
this experiment. 


DISCUSSION 


Microscopic study of the sections pre- 
pared from these experimental animals indi- 
cates that there were similar fibroblastic and 
blood vessel proliferation in both the control 
and cartilage wounds by the third day. 
Later, the cellularity, and apparently the 
volume, of the granulation tissue in the 
cartilage wounds was more marked than in 
controls. Collagen and reticulin appeared 
about the same time and in the same amounts 
in control and cartilage wounds up to 4 
days, but then became more abundant in the 
cartilage wounds through day 8. The tal- 
cum wounds exhibited a marked, predomi- 
nantly inflammatory, response from the 
start, culminating in a long-continued ex- 
udative and foreign body giant cell reaction. 
It is significant that recognizable collagen 
did not appear in the talcum wounds unti! 
later than in either the cartilage or contro! 
wounds (on or about the fifth day). 

It is most interesting to notice that the 
host reaction to the heterologous cartilage 
was not typically that of a foreign body 
granuloma, and that the bulk of granulation 
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Fic. 1. Photomicrograph of a control wound 7 days 
postoperatively. 


tissue was not in direct contact with the 
fragments of cartilage. However, the prog- 
ress of the control wound to histologic ma- 
turity of the reparative tissue was more 
rapid than in cartilage wounds, the latter 
wounds continuing to show cellular activity 
until about the twenty-first day, while the 
controls exhibited mature scar tissue as early 
as the eighth postoperative day. The usual 
characteristics of the control, cartilage, and 
talcum wounds at 7 days are shown in 
Figures 1, 2, and 3 respectively. 

Our interpretation of these observations 
would be that the cartilage particles were 
acting as a repository for a “‘repair-stimulat- 
ing fraction’? (2), which is slowly released 
and which stimulates an earlier and greater 
endothelial and fibroblastic proliferation 
vith concomitant production of reticulin 
ind collagen. This differential effect of carti- 


Fic. 2. Cartilage wound at 7 days. Note lack of foreign 
body reaction to these very large fragments. X 113. 


lage reaches its maximum at the seventh 
day. Thereafter the control wound rapidly 
becomes less cellular as its collagen becomes 
dense and mature. It is well to notice that 
these histologic observations correspond re- 
markably well with the differential tensile 


Fic. 3. Seven day talcum wound with and without 
polarized light. X74. 
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strengths of cartilage and control wounds 
over the period from 5 to 9 days (3). The 
latter parameter of the healing wound 
reaches its maximal differential (between 
cartilage and control wounds in the rat) at 
7 days, and the tensile strengths became vir- 
tually indistinguishable at 9 days. 


SUMMARY AND CONCLUSION 


It would appear that, while local wound 
treatment with cartilage initiates an accel- 
eration of the wound healing process during 
the period through 7 to 8 days, thereafter its 
continued presence in the wound will actu- 
ally delay the eventual maturation of the 
scar. This has not, however, been demon- 
strated to have a significant effect on wound 
tensile strength in these later phases. This 
difference in the maturation rate is not sur- 
prising, as it would be distinctly unexpected 
for so complex a phenomenon as the healing 
wound to be stimulated in all phases by 


the same chemical, or combination of chem- 
icals. 

Local heterologous cartilage accelerates 
the initial phases of wound healing in enclo- 
crinologically and nutritionally normal riits. 
This effect is manifested histologically by a 
greater fibroplasia and the appearance of 
reticulum fibers and collagen in greater 
early concentration—observations which 
correlate well with the greater wound tensile 
strengths which are demonstrable over the 
period when these histologic differentials 
are discernible. 
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AN EVALUATION OF DISTENTION AND STASIS 
IN THE PATHOGENESIS OF EXPERIMENTAL 
PSEUDOMEMBRANOUS ENTERITIS 


GERALD J. MENAKER, M.D., F.A.C.S., and FORD VAN HAGEN, M.D., Chicago, Illinois 


SERIOUS ATTENTION to the prophylaxis and 
management of pseudomembranous en- 
terocolitis is warranted by the apparent 
increase in its incidence and its often fatal 
outcome. Cultures of intestinal contents 
often yield Micrococcus pyogenes (coagu- 
lase-positive hemolytic Staphylococcus 
aureus), but the contributing factors re- 
sponsible for the invasion and growth of this 
organism remain controversial. Among the 
factors already implicated are: recent major 
surgery, especially in older patients, and the 
excessive administration of broad-spectrum 
antibiotics. But, these factors are not in- 
variably present. Therefore, search must 
be continued for factors common to most 
cases which may set the stage for develop- 
ment of the disease. 

In this report, data are presented on the 
evaluation of experimental intestinal stasis 
and distention as contributory conditions. 
Attention was drawn to these factors by a 
review of our own clinical experiences and 
by analysis of the literature. 

For example, in a series reported by 
Kleckner, Bargen, and Baggenstoss, 5 of 14 
cases of pseudomembranous enterocolitis 
not preceded by surgery were found to be 
associated with obstructive lesions of the 
large bowel. Of 94 patients reported upon 
by Pettet, Baggenstoss, Dearing, and Judd 
(6, 7), 41 had carcinoma of the colon and 
26 of these had an obstruction. Without 
exception, the lesion was found proximal 
io the obstructed site, suggesting that or- 
xanic or adynamic obstruction could have 
been a factor in producing the lesion. 


From the Department of Surgery, Northwestern University 
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Hartmann and Angevine reported 17 cases 
in 6 of which there was intestinal obstruction 
prior to the onset of colitis. Groisser noted 
a high frequency of intestinal obstruction in 
his patients. Beatty and Hawes reported 5 
of 10 patients who exhibited the lesion 
proximal to a site of obstruction in infancy. 

In order to evaluate stasis and distention 
in the laboratory, it was necessary to produce 
a lesion in some ways comparable to that 
seen in man. Previous attempts in ordinary 
laboratory animals have not been completely 
successful, although a type of pseudo- 
membranous lesion has been described in 
dogs following induced shock, incompatible 
human blood transfusions, and the infusion 
of intravenous urea. Recently, Prohaska 
produced a type of ileitis in dogs by in- 
jecting the animals with the enterotoxin 
of Staphylococcus aureus. The only instance 
of a spontaneous outbreak of the disease 
in animals has been reported by Wood, 
Bennett, and Yardley in a colony of chin- 
chillas fed pellets containing an antibiotic. 

Experiments were planned to subject 
dogs to three of the suspected factors: (1) 
an abdominal surgical procedure; (2) the 
administration of broad-spectrum antibio- 
tics; (3) introduction into the intestine of 
repeated massive doses of antibiotic-resistant 
coagulase-positive Micrococcus pyogenes. 
The factor of distention and stasis was then 
added by producing a temporary mechanical 
intestinal obstruction. 


METHODS 


Healthy adult mongrel dogs were chosen 
at random from stock without regard to age, 
weight, or sex. All operations were per- 
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Fic. 1. A, Method of producing temporary obstruction 
by encircling bowel with rubber pad and plastic strip. B, 
Obstruction is completed by drawing the ends of the 
strip through 2 stab wounds. The ends are then tied and 
the skin is sutured over the knot. 


formed under pentobarbital anesthesia. A 
plastic tube was passed through a nostril 
and down past the duodenum in order to 
provide a direct and unvarying route for 
the administration of the antibiotics and 


bacteria. This method also allowed the 


highly acid gastric contents to be bypassed. 
The tube was fixed to the dog’s head by a 
plaster-of-paris cast. 

A temporary, complete, simple low ileal 
obstruction was created 10 centimeters 
proximal to the cecum by encircling the 
bowel with a strip of plastic and rubber 
padding. The ends of the strip were drawn 
through 2 stab wounds in the right lower 
quadrant and secured in a knot placed 
subcutaneously (Fig. 1A and B). Obstruc- 
tion was released in from 3 to 10 days by 
cutting the knot and withdrawing the 
plastic strip. 

Cultures of Micrococcus pyogenes were 
obtained from various hospitals. They were 
all coagulase-positive and highly resistant 
to the antibiotics to be given. Prior to use 
in the dogs, organisms were subcultured 
on blood agar plates once a week and 
inoculated into nutrient broth as often as 
necessary to supply cultures teeming with 
bacteria for administration through the 
intestinal, tube. Cultures were incubated 
at 37 degrees C. and each strain was re- 
checked periodically for sensitivities and 
coagulase-positivity. 


After the death or sacrifice of an anim.il, 
a thorough examination of the entire in- 
testinal tract was made. The bowel was 
opened throughout its length and a search 
made for signs of inflammation, pseuco- 
membrane formation, submucosal hemor- 
rhage, and ulceration. Sections from sus- 
picious areas and from representative levels 
throughout the entire bowel were taken for 
microscopic study. 

Distention, when present, was measured 
by passing a measuring tape around the 
circumference of the distended bowel in 
situ. ‘The average normal ileum measured 
5 by 7 centimeters in circumference. Dis- 
tention was graded as slight (8 to 10 cm.), 
moderate (11 to 13 cm.), and marked (over 
13 cm.). 

On the morning following the operation 
of obstruction and intubation, the animals 
were given: (1) 750 milligrams of oxytetra- 
cycline through the tube twice daily; (2) 
50 cubic centimeters of nutrient broth 
culture containing virulent staphylococci 
through the tube each morning; (3) daily 
intramuscular injections of 400,000 units of 
penicillin and 0.5 gram dihydrostrepto- 
mycin in a long acting menstruum, and 
60 milligrams of the anticholinergic drug, 
propantheline bromide. 

The purpose of the anticholinergic drug 
was to increase the factor of intestinal stasis. 
No attempt at fluid replacement or special 
nutritional therapy was made. The experi- 
ment was continued for an average of 6 days 
(ranging from 3 to 12 days) depending upon 
the condition of the animal and fixation of 
the tube. 


EXPERIMENTAL DATA 


Group I (6 dogs). Without intubation, 
animals were fed broth containing the 
bacteria and 750 milligrams of oxytetra- 
cycline twice daily. In addition, they were 
injected intramuscularly each day with 
penicillin-dihydrostreptomycin and an anti- 
cholinergic drug in dosages mentioned 
previously. This program was maintained 
for 2 weeks. No abdominal surgery was per- 
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Fic. 2. Photomicrograph of normal mucosa of dog 
114 subjected to obstruction alone with complete recov- 
ery. X86. 


formed. No evidence of disease was noted, 
and all animals continued their normal 
activity throughout the period of observa- 
tion. 

Group IT (6 dogs). These animals were sub- 
jected to intestinal intubation for 3 to 7 days 
while receiving bacteria broth, antibiotics, 
and anticholinergic drug. The intestine was 
not obstructed in this group. Four dogs were 
sacrificed 7 to 9 days after intubation. No 
evidence of enteritis, distention, or mucosal 
damage was noted. Two dogs were allowed 
(o survive and showed no evidence of disease 
alter 1 month of observation. 

Group III (7 dogs). Low ileal obstruction 
was created in the manner described (Fig. 
1A and B). The effects of untreated obstruc- 
‘ion for 3 to 7 days before release were re- 
corded in 6 dogs. Two of the animals died 
‘rom peritonitis 8 days and 1 day after re- 
lease of a 4 day and a 5 day obstruction. 
‘our animals were sacrificed at intervals 
‘rom the tenth to twenty-first day after 


Fic. 3. Mucosa in distended bowel of dog 110 sub- 
jected to obstruction. Note: denuding and shortening of 
the villi. 82. 


surgery or from 5 to 18 days after release of 
their obstruction. None of the animals in 
this group developed diarrhea before or 
after release of the obstruction. Distention 
was marked in 2 animals, moderate in 3, 
and slight in 1. One animal in which the 
obstruction was released on the third day 
after operation had a completely normal ap- 
pearing bowel when examined 18 days later 
(Fig. 2). In the 6 animals with slight to 
marked distention, mucosal changes were 
minimal and consisted of denuding, shorten- 
ing, and clubbing of the villi (Fig. 3). In no 
instance was there gross or microscopic 
evidence of interstitial hemorrhage, marked 
mucosal or submucosal edema, ulceration, 
or inflammatory cellular reaction. 

Group IV (14 dogs). Low ileal obstruction 
was performed on these animals. They were 
given bacteria broth and antibiotics by way 
of the intestinal tube, as well as daily injec- 
tions of antibiotic and anticholinergic drug. 
The experiment was continued for from 4 to 
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12 days, or an average of 6 days. Obstruc- 
tion was released between the third and the 
tenth day following operation. Six animals 
were sacrificed between the fifth and 
fourteenth postoperative day. Other main 
causes for death were peritonitis and per- 
sistent obstruction. None of the animals had 
diarrhea. 

At the time of sacrifice or death, disten- 
tion, when present, was proximal to the ob- 
structed site for varying lengths of from 18 
inches to almost the entire small bowel. Dis- 
tention was usually most marked in the first 
24 inches proximal to the obstructed area. 
Mucosal changes, when present, were found 
in this segment of intestine. Distention was 
marked in 2 animals, moderate in 7, and 
slight in 2. In 3 animals, no distention was 
present. 

Gross mucosal changes consisted mainly 
of spotty or diffuse submucosal hyperemia. 
A thick, tacky, mucinous coating was found 
in some instances. The lesion was not identi- 
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Fic. 4. Enteritis in distended bowel of dog 113 sub- 
jected to the total regimen of obstruction, bowel relaxant 
drug, antibiotics, and bacteria broth. Note disruption of 
mucosal architecture and inflammatory cellular reac- 
tion. X86, 

Fic. 5. Enteritis in distended bowel of dog 112 sub- 
jected to the total regimen. Note disruption of mucosal 
architecture, submucosal edema, inflammatory cellular 
reaction. Elevation of mucosa from submucosa is artifact. 
X36. 


cal to the typical appearance seen in man, 
but it was definitely different from the 
lesions resulting from obstruction alone. 
Four animals in this group showed histologic 
evidence of enteritis with mucosal changes 
suggestive of early pseudomembrane forma- 
tion (Figs. 4, 5, 6, and 7). 

Microscopic examination revealed vary- 
ing degrees of submucosal and mucosal 
edema, capillary engorgement, marked dis- 
ruption of mucosal architecture, interstitial 
hemorrhage, inflammatory cellular reaction 
with infiltration of many round cells and 
polymorphonuclear leucocytes, ulcerations, 
and often a type of membrane formation 
consisting mainly of collapsed and coalesced 
stromal elements of villi, epithelial debris, 
inflammatory cells, mucus, and some fibrin- 
ous exudate. Profuse fibrinous exudate was 
lacking, and Gram stains of sections did not 
reveal the clusters of gram-positive cocci 
about the involved mucosa so often seen in 
human cases. The bowel in 10 animals ap- 
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Fic. 6. Photomicrograph demonstrates enteritis in 
distended bowel of dog 107 subjected to the total regi- 
men. X68. 


peared no different from that of the group 
subjected to obstruction alone. 


DISCUSSION 


In 4 of 14 dogs subjected to antibiotics, a 
bowel relaxant drug, and Micrococcus 
pyogenes, by means of a tube, a lesion de- 
veloped proximal to the site of a temporary 
intestinal obstruction. The nature of this 
lesion, while not identical with that seen in 
pseudomembranous enteritis of man, ex- 
hibited certain similar characteristics which 
suggest that this experimental lesion was the 
counterpart in the dog of that seen in man. 

The mucosal lesion seen in the 4 dogs was 
markedly different from that due to obstruc- 
tion alone or to any combination of experi- 
mental factors other than the complete 
regimen of obstruction, bowel relaxant drug, 
antibiotics, and bacteria broth. 

The striking similarities between pseudo- 
membranous enteritis of man and the ex- 
perimental lesion appeared to indicate that 
intestinal stasis or distention was a factor of 
some significance in the pathogenesis of the 
disease, since the lesion occurred only in the 
distended portion of the bowel. 

The similarities between human lesions 
and those produced in the dog appeared to 
be: mucosal destruction and disruption of 
mucosal architecture; submucosal and mu- 
cosal edema and vascular engorgement; in- 
flammatory infiltration with round cells and 
polymorphonuclear leucocytes, and a type 


Fic. 7. Severe enteritis in distended bowel of dog 115 
subjected to the total regimen. Note complete destruction 
of mucosal architecture. X91. 


of pseudomembrane less marked in dogs 
than in man, but essentially a comparable 
lesion. 

Interstitial hemorrhage was not as marked 
in the experimental lesion as that seen in 
human cases, nor was the pseudomembrane 
composed of extensive fibrinous exudate. 
The animals did not appear as ill as do 
human patients. The difference in severity 
may well be due to resistance difference 
among species, or to the variability in the 
virulence of the bacteria employed, or to the 
duration of the obstruction. 

Intestinal stasis and distention appear to 
be possible contributory factors in the pro- 
duction of a pseudomembranous lesion. It 
has been shown by Wangensteen that dis- 
tention can render the bowel wall more 
susceptible to bacterial invasion by creating 
circulatory embarrassment. Meleney, Job- 
ling, and Berg have pointed out that disten- 
tion and ileus may influence overgrowth and 
rapid multiplication of bacteria by promo- 
tion of abnormal conditions which may 
disturb the normal bacterial flora. 

Studies now in progress on kittens indi- 
cate that antibiotic-resistant staphylococci 
survive longer in an obstructed colon pre- 
pared with antibiotics than they do in either 
a normal colon or an unprepared, ob- 
structed colon. Thus, it may be postulated 
that in distended or paralyzed bowel, condi- 
tions are favorable for the survival and 
propagation of staphylococci. Infection and 
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invasion of the more susceptible bowel wall 
then follows. Further, it is postulated that 
the elaboration of the necrotizing entero- 
toxin contributes to the disease process both 
locally and systemically, and the result is 
pseudomembrane formation with enteritis, 
colitis, or both. 


SUMMARY 


In dogs, a temporary simple low ileal ob- 
struction, the intestinal instillation of broad- 
spectrum antibiotics and antibiotic-resistant 
Micrococcus pyogenes by means of a tube, 
and the administration of intramuscular 
penicillin-dihydrostreptomycin and a bowel 
relaxant drug have resulted in the produc- 
tion of enteritis in 30 per cent of experi- 
mental attempts. That the mucosal lesion so 
produced may represent an early stage in 
pseudomembrane formation is suggested by 
the histologic appearance of the lesions. 

Dogs, without intestinal obstruction, fed 
broad-spectrum antibiotics and antibiotic 
resistant bacteria, either by mouth or by 
direct introduction into the intestinal tract 
by means of a tube, had neither the symp- 
toms of pseudomembranous enterocolitis 
nor demonstrable pseudomembranous le- 
sions of the intestinal tract. Conversely, 
obstruction alone produces only minimal 


mucosal changes. Several factors appear to 
be responsible for the bacterial survival, 
growth, and invasion in pseudomembranous 
enteritis, one of which may be intestinal 
stasis or distention. 
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THE EXPERIMENTAL DEVELOPMENT OF 
PSEUDOMEMBRANOUS ENTEROCOLITIS 


TOH-LEONG TAN, M.D., CHRISTOPHER T. DRAKE, M.D., MYRON J. JACOBSON, 
M.D., and JOHN VAN PROHASKA, M.D., F.A.C.S., Chicago, Illinois 


‘THE EXTENSIVE LITERATURE Of pseudomem- 
branous enterocolitis has presented chiefly 
the symptomatology, the high mortality, the 
findings at necropsy, and speculative state- 
ments as to the etiology of the disease. Even 
though staphylococcus (var. aureus) has 
been isolated in most cases described in the 
literature, considerable doubt still exists in 
the minds of many authors as to the real 
cause of the disease. Prohaska, Long, and 
Nelsen described the mechanism of the dis- 
ease and pointed out the implication of 
staphylococcus as the causal agent of the en- 
teritis. The implication was based chiefly on 
clinical evidence. The main reasons for lack 
of confidence and the absence of uniformity 
of opinion as to the etiology of pseudomem- 
branous enterocolitis stem from several con- 
fusing observations. Staphylococcus aureus 
has not been isolated in every case of the 
disease and microorganisms, other than 
staphylococci, have been occasionally found 
in cases of pseudomembranous enterocolitis. 
In the defense of staphylococcus as the etio- 
logic agent of pseudomembranous enteroco- 
litis, it must be pointed out that the organ- 
ism does not grow on every culture medium. 
For this reason the staphylococcus, even 
though present in the stools of the patient, 
fails to grow in the culture. It must be fur- 
ther emphasized that staphylococci will not 
grow successfully in the colon of patients in 
the presence of normal colonic flora. If the 
stool culture is taken at the termination of 
the disease, when the normal colonic flora is 
returning to the bowel, a culture of the 
stool may not show the staphylococcus, since 
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the staphylococcus is suppressed by the reap- 
pearance of normal colonic microorganisms. 

Occasionally pseudomembranous entero- 
colitis has been confused with other types of 
diarrheas which may follow antibiotic ther- 
apy and in which there has been a derange- 
ment of the normal colonic flora. Typical of 
these types of diarrheas are those which, on 
culture of the stool, show a preponderance 
of Proteus vulgaris, Pseudomonas aerugin- 
osa, or fungi. 

The critique of the inclusion of these ob- 
viously unrelated derangements of colonic 
flora in the category of pseudomembranous 
enterocolitis does not complete the indict- 
ment. Penner and his associates (2, 3) sought 
to explain the disease on the basis of physical 
findings associated with irreversible shock. 
It is true that sudden irreversible shock pro- 
duces vascular changes visible in the bowel 
mucosa. These changes are due to the se- 
questration of blood in the vascular venous 
bed and are observed in shock produced by 
several endotoxins as well as in an irrevers- 
ible shock produced in normal animals by 
the sudden injection of an antihypertensive 
drug. 

Conversely, these confusing observations 
are matched by facts which place the enter- 
otoxin-producing staphylococcus in an at- 
tractive position as the etiologic agent of 
pseudomembranous enterocolitis. The sig- 
nificance of the isolation of staphylococcus 
(var. aureus).in almost all cases of the dis- 
ease cannot be denied, nor ignored. The 
similarity of the symptoms of food poisoning 
to the symptoms of pseudomembranous en- 
terocolitis must be appreciated. In food 
poisoning the events of the disease are pro- 
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TABLE I.—GROUP I, THE DEVELOPMENT OF SYMP- 
TOMS AND DEATH FOLLOWING ADMINISTRA- 
TION OF STAPHYLOCOCCUS IN 


TREATED ANIMALS 
Chinchilla No. 7 


2 


ANTIBIOTIC 


3 


Daily oral dose Oxytetracycline, Oxytetracycline Aureomycin, 


TABLE II.—GROUP II, THE DEVELOPMENT OF SYMP- 
TOMS AND DEATH IN ANTIBIOTIC PRETREATED 
ANIMALS FOLLOWING ADMINISTRATION O} 
STAPHYLOCOCCUS 


Chinchilla No. 


Daily oral dose 
of antibiotics 


No. of days anti- 
biotics admin- 
istered 


Staph. suspension, 
oral dose 
Symptoms 


Death: from date 
staph. adminis- 
tered 


Necropsy findings 
Staph. reisolated 


4 
Oxytetracycline, 


12.5 mgm. b.i.d. 


Gantrisin, 25 
mgm. b.i.d. 


Dose: 0.5 c.c. b.i.d. 


Begun: day 6 
Anorexia, leth- 

argy, diarrhea 
Death 


Day 5 


Enteritis 


Yes, in pure cul- 
ture 


5 


Oxytetracycline, 
12.5 mgm. b.i.d 
Gantrisin, 25 
mgm. b.i.d. 


Dose: 0.5 c.c. b.i.d. 
Begun: day 6 
Anorexia, leth- 

argy, diarrhea 
Death 


Day 7 


Enteritis 


Yes, in pure cul- 
ture 


of antibiotics 50 mgm. 50 mgm. 12.5 mgm. 
b.i.d. b.i.d. b.i.d. Oxy- 
tetracy- 
cline, 12.5 
mgm. 
b.i.d. Gan- 
trisin, 25 
mgm. 
b.i.d. 
No. of days 19 18 21 
antibiotics 
adminis- 
tered 
Staph. suspen- Dose: 0.5 c.c. Dose: 0.5.c.c. Dose: 0.5 
sion, oral b.i.d. b.i.d. ec. 
dose Begun: day 7 Begun:day7 Begun: day 6 
Symptoms Anorexia, leth- Anorexia, leth- Anorexia, 
argy, diar- argy, diar- lethargy, 
rhea rhea diarrhea 
Death Death Death 
Death: from — Day 13 Day 12 Day 18 
date staph. 
administered 
Necropsy find- Enteritis Enteritis Enteritis 


ings 
Staph. reiso- No, wrong cul- 
lated ture medium 


Yes, in pure 
culture 


Yes, in pure 
culture 


duced by the single ingestion of the entero- 
toxin generated by the staphylococcus in 
vitro in the medium of the spoiled food. It 
is plausible to postulate that enterotoxin- 
producing staphylococcus established as a 
successful colony in the human intestine will 
elaborate enterotoxin, which in turn will set 
off a train of symptoms similar to those ob- 
served in food poisoning. These and other 
relevant facts have been known to microbi- 
ologists for many years. The fact that this 
fundamental knowledge has not often been 
utilized by clinicians in the interpretation 
and the assessment relative to the etiology 
of pseudomembranous enterocolitis should 
not be allowed to set a stage in which further 
research would continue to take direction in 
total disregard or rejection of basic observa- 
tions established in microbiology. 

These many reasons led us to devise ex- 
periments designed to reproduce the disease 
in the experimental animal. The enteroco- 


litis was reproduced by a pure culture of 
staphylococcus (var. aureus) isolated from a 
case of pseudomembranous enteritis. At 
death, the same microorganism was reiso- 
lated in pure culture from the intestine of 
these animals. In addition, the reisolated 
staphylococcus yielded enterotoxin poison- 
ous to another animal. It seems, therefore, 
than an experiment has been devised which 
fulfills the four postulates of Koch. 

Since chinchillas have been known to de- 
velop the disease spontaneously after pro- 
longed ingestion of certain antibiotics, par- 
ticularly aureomycin, this animal was se- 
lected for our experiments. Strains of staphy- 
lococcus (var. aureus) isolated from cases of 
food poisoning or from known cases of pseu- 
domembranous enterocolitis were used. All 
these strains were capable of producing en- 
terotoxin and were tested repeatedly for the 
content of enterotoxin. The method of as- 
saying enterotoxin is described by Oudin, of 
the Institute Pasteur, and used in our De- 
partment of Microbiology. 

For this experiment 12 chinchillas were 
used. They were from 6 to 10 months old 
and weighed approximately 300 to 375 
grams each. These animals were placed on 
their standard diet of cabbage, lettuce, and 
carrots. Cultures of their normal stools were 
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‘ABLE III.—GROUP III, THE DEVELOPMENT OF 
PSEUDOMEMBRANOUS ENTEROCOLITIS IN RE- 
SISTANT CHINCHILLAS FOLLOWING READMIN- 
ISTRATION OF ANTIBIOTICS 


Chinchilla No. 7 8 9 


No. of days anti- 
biotics adminis- 


tered 5 5 
Staph, suspension 
initiated Day 6 Day 6 Day 6 
Symptoms Anorexia, Anorexia, Anorexia, 
Jethargy, lethargy, lethargy, 
diarrhea diarrhea diarrhea 
Survival Survival Survival 
No. of days rested 10 10 10 
No. of days antibi- 4 3 + 
otics readminis- 
tered 
Symptoms Anorexia, Anorexia, Anorexia, 
lethargy, lethargy, lethargy, 
diarrhea diarrhea diarrhea 
Death Death Death 
Necropsy findings Enteritis Enteritis Enteritis 


Staph. reisolated Yes, in pure Yes, in pure Yes, in pure 
culture culture culture 


obtained and sensitivity reactions to various 
antibiotics were determined. This determi- 
nation of sensitivity provided us with infor- 
mation as to the proper antibiotic to be used 
to eradicate their normal intestinal and 
colonic flora. Guided by the sensitivity tests, 
these animals were given 50 milligrams of 
oxytetracycline twice daily or mixtures con- 
taining 12.5 milligrams of aureomycin, 12.5 
milligrams of oxytetracycline, and 25 milli- 
grams of gantrisin, or 12.5 milligrams of 
oxytetracycline and 25 milligrams of gantri- 
sin. This amount was divided into 2 daily 
doses and given by mouth. The oral admin- 
istration of this antibiotic mixture was main- 
tained for 5 or more days. Beginning on the 
sixth day the animals received a suspension 
of pure culture of staphylococcus (var. aur- 
eus) in 2 daily doses by mouth. In the first 
group of 3 animals the antibiotic mixture 
was continued along with the oral admin- 
istration of the suspension of the microor- 
ganism (Table I). In the second group of 2 
animals the antibiotic was discontinued on 
the sixth day and from then on the animals 
received only the suspension of pure culture 
of staphylococcus (Table II). 


TABLE IV.—CONTROL GROUP, THE ORAL ADMIN- 
ISTRATION OF AN ANTIBIOTIC MIXTURE TO 
NORMAL CHINCHILLAS HAS NO EFFECT 


Chinchilla No. 6 10 11 12 
Daily oral dose None Aureomy- Aureomy- Aureomy- 
of antibiotics cin, 12.5 cin, 12.5 cin, 12.5 
mgm. mgm. mgm. 
b.i.d. b.i.d. b.i.d. 


Oxytet- Oxytet- Oxytet- 
racycline, racycline, racycline, 


12.5. 12.5 12.5 
mgm. mgm. mgm. 
b.i.d. b.i.d. b.i.d. 
Gantri- Gantri- Gantri- 
sin, 25 sin, 25 sin, 25 
mgm. mgm. mgm. 
b.i.d. b.i.d. b.i.d. 
No. of days 
antibiotics 
administered 0 10 10 10 
Staph. suspen- 
sion, oral 
dose None None None None 
Symptoms No No No No 
symp- symp- symp- symp- 
toms toms toms toms 
Period of 
observation 1 day 30 days 30 days 30 days 


The experiences with the development of 
pseudomembranous enterocolitis in chin- 
chillas led us to a new observation. A group 
of 3 chinchillas placed on the usual regimen 
of antibiotic mixture for 6 days, followed by 
administration of staphylococci, apparently 
became resistant to this particular strain of 
microorganism. After initial symptoms they 
became well and behaved normally in spite 
of further daily administration of the staphy- 
lococcus suspension. ‘Thereupon, the admin- 
istration was discontinued and the animals 
were rested for a period of 10 days. At the 
end of this period the usual antibiotic mix- 
ture was again initiated. At this time no 
staphylococcus suspension was given. All 3 
animals died of pseudomembranous enteri- 
tis within 3 to 4 days. At necropsy all 3 ani- 
mals showed typical gross and microscopic 
changes associated with enterocolitis. Cul- 
tures of their intestinal content disclosed 
pure colonies.of staphylococcus (Table III). 

All experimental animals became sick. 
The untreated animal remained well and 
was sacrificed for control of gross and micro- 
scopic changes in the bowel. The principal 
symptoms were anorexia, lethargy, and oc- 
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Fic. 1. Gross specimen of entire gastrointestinal tract 
of a chinchilla sacrificed near death from enterocolitis. 
Note the distention of the cecum. 


casional diarrhea. In the first group, in 
which the animals were maintained on the 
antibiotic mixture as well as on the suspen- 
sion of staphylococcus, the symptoms be- 
came progressively worse and the animals 
died within 12 to 18 days (Table I). 

In the second group 1 animal was sacri- 
ficed at the height of his sickness, 5 days 
after initiation of oral administration of 
staphylococcus. The second animal became 
resistant to the staphylococcus and appeared 
healthy on the seventh day. At the end of 
the period this strain of staphylococcus sus- 
pension was discontinued. A different type 
of enterotoxin-producing staphylococcus 


Fic. 2. Gastrointestinal tract of a normal chinchilla. 


was given orally. The animal died within 7 
days (Table IT). 

The third group of 3 chinchillas is partic- 
ularly interesting. They developed the en- 
teritis as judged by the appearance of the 
usual symptoms of lethargy, anorexia, and 
diarrhea. Following this they improved and 
it became obvious that they would not die. 
They were rested for 10 days, during which 
time they received their normal diet, but no 
antibiotic and no staphylococcus mixture. 
They died in 3 to 4 days following the oral 
administration of the antibiotic mixture 
without the staphylococcus suspension. 
Therefore, it may be presumed that these 


Fic. 3. Photomicrograph of stomach showing edema- 
leucocytic infiltration, thinning of the mucosa, and the 
loss of normai villous structures (low power magnifica- 
tion). 


Fic. 4. Photomicrograph of duodenum showing loss of 
mucosa, ulcerations, heavy leucocytic infiltration, thin- 
ning of intestinal wall, and fibrinomucous pseudomem- 
brane (low power magnification). 
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Fic. 5. Photomicrograph of jejunum showing total de- 
rangement of mucosa, leucocytic infiltration, thinning 
of intestinal wall, ulcerations, and fibrinomucous exudate 
(low power magnification). 


chinchillas died of the antibiotic alone. Yet, 
this cannot be a plausible interpretation be- 
cause at necropsy pure cultures of staphy- 
lococci were found in the intestinal tracts of 
these animals. 

There are several satisfactory explana- 
tions of this curious phenomenon. The ani- 
mals may have become resistant to the first 
administration of the staphylococcus sus- 
pension or else their bowels were not suf- 
ficiently devoid of coliforms. The coliforms 
then continued to grow and _ successfully 
competed against the administered staphy- 
lococci. We know, that in the presence of 
normal colonic flora, staphylococcus will 
not establish itself in pathogenic proportions 
in the intestinal tract. It is altogether pos- 
sible that when the staphylococcus mixture 
was withheld for 10 days, successful colonies 
of staphylococcus still continued to grow in 
the mouths and throats of these chinchillas. 
Upon reintroduction of the antibiotic, and 
thus ‘‘resterilization’”’ of the intestine, the 
staphylococcus was able to grow vigorously 
in the intestine. In this manner pseudomem- 
branous enterocolitis was developed in seem- 
ingly resistant animals. Be that as it may, 
any diagnosis of this phenomenon other than 
that of staphylococcus enteritis is untenable 
because of the reisolation of the staphylo- 
cocci in pure cultures at death of these 
chinchillas. 

In the consideration of these experiments 


Fic. 6. Photomicrograph of the colon in which can be 
seen thinning of mucosa, loss of normal villous struc- 
tures, and patchy leucocytic infiltration (low power 
magnification). 


there remained one obvious control, that of 
the effect of the antibiotic given alone to the 
chinchillas. Three normal chinchillas with 
normal stool cultures were given 12.5 milli- 
grams of aureomycin, 12.5 milligrams of 
oxytetracycline, and 25 milligrams of gan- 
trisin twice daily by mouth for a period of 10 
days. They were observed twice daily for 30 
days. They remained well, showed no symp- 
toms, and appeared entirely normal. This 
experiment, together with 1 normal un- 
treated, sacrificed chinchilla is summarized 
in Table IV. 

The significant gross findings at necropsy 
were marked distention of the stomach, 
duodenum, and the entire small bowel (Fig. 
1). The cecum was markedly distended, 


Fic. 7. Photomicrograph of duodenum showing com- 
plete loss of mucosa, leucocytic infiltration in muscularis, 
fibrinomucous pseudomembrane, and thinning of the 
intestinal wall (high power magnification). 
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measuring approximately 4 times the nor- 
mal size. The colon showed no remarkable 
gross changes, except in the region of the 
ascending segment. In this area the colon 
was distended and contained diarrheal stools. 
The small intestine had segments showing 
markedly hemorrhagic areas. The wall of 
the stomach and the small bowel appeared 
remarkably thin. A gross specimen of a con- 
trol chinchilla is illustrated in Figure 2. 

The principal microscopic changes ob- 
served were edema of the gastrointestinal 
tract, leucocytic infiltration of the mucosa, 
submucosa, and muscularis, superficial ul- 
cerations, passive congestion, and in numer- 
ous segments the mucosa was completely 
sloughed off. In particular, the stomach 
showed leucocytic infiltration, thinning of 
the mucosa, and loss of the normal villous 
structures (Fig. 3). The duodenum showed 
marked loss of mucosa with ulcerations, 
heavy leucocytic infiltrations, and fibrino- 
mucous exudate or pseudomembrane in the 
lumen (Fig. 4). In the small bowel the proc- 
ess was exaggerated to the extent of com- 
plete loss of the mucosa (Fig. 5). The colon 
showed minimal microscopic changes, but 
even here one can discern changes compat- 
ible with inflammatory colitis (Fig. 6). 

The high power microscopic view of the 
duodenum emphasized the total derange- 
ment of the bowel wall. It demonstrated the 
marked leucocytic infiltration of the muscu- 
laris and the loss of normal mucosa (Fig. 7). 

Cultures of the intestinal content were 
taken at necropsy. In all, except the first, of 
these animals pure cultures of staphylo- 


coccus were reisolated. Unfortunately, the 
content of the intestine of the first animal 
was plated on the wrong culture medium 
and negative results were obtained. In 2 of 
the animals the reisolated Staphylococcus 
aureus was assayed again for enterotoxin. 
Strong, positive enterotoxin reaction was 
obtained in the monkey. 


CONCLUSIONS 


1. Staphylococcus (var. aureus) isolated, 
in pure culture, from known cases of pseu- 
domembranous enterocolitis or from cases of 
food poisoning reproduced the disease in 
chinchillas with demonstrable gross and 
microscopic changes compatible with enter- 
ocolitis. 

2. At necropsy the staphylococcus is reiso- 
lated from the intestinal tract of the animal 
in pure culture. 

3. The reisolated staphylococcus gener- 
ates enterotoxin. 

4. The etiologic agent of pseudomem- 
branous enterocolitis is enterotoxin produc- 
ing staphylococcus. 
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CONTRACTION OF FULL THICKNESS 


SKIN WOUNDS IN THE RAT 


A. M. CUTHBERTSON, M.B., B.S., F.R.A.C.S., Melbourne, Australia 


Ir HAS LONG BEEN RECOGNIZED that more 
than one process is involved in the repair of 
skin wounds with epithelial loss. ‘‘Epider- 
mization”’ is the term which has been ap- 
plied to the growth and migration of 
epithelium from the wound edge across the 
surface of the newly formed wound bed and 
has been studied extensively by Henshaw 
and Meyer, Howes (12), and Van den 
Brenk. 

Contraction of the wound, or approxima- 
tion of the original skin edges, has been in- 
vestigated by Carrel and Loeb, but con- 
flicting conclusions were reached. This dif- 
ference of opinion was partly resolved by 
Burrows, and in 1936 Arey, in his excellent 
review of the literature up to that time, con- 
cluded that it was the relation of the skin to 
the subjacent parts as well as the elasticity 
of the skin that determines which mode of 
healing predominates. If the surrounding 
skin rests firmly on the deeper structures the 
wound will heal by epidermization; if loose 
and elastic it will heal by contraction. 

Two main postulates have been put for- 
ward to explain the nature of wound con- 
traction: 

1. Shrinkage of some constituent of the 
wound bed. Carrel called the process 
‘“‘oranulous contraction” and stated merely 
that it was due to shrinkage of young granu- 
lation tissue. Linquist and Billingham and 
Medawar (3) also believed that the con- 
tracting force was confined to the wound 
bed. Abercrombie, Flint, and James con- 
cluded that the young fibroblasts contract 
in a manner similar to the smooth muscle 
cells to which they are morphogenetically 
related. 


From the Department of Pathology, University of Melbourne, 
Melbourne, Australia. 


2. Movement of the skin edge across the 
defect, presumably under the influence of 
pulsion forces generated in the surrounding 
skin. Van den Brenk showed that the onset 
of contraction bears little relation to the 
laying down of collagen in the wound and 
suggested that contraction is brought about 
by a process of morphylaxis or a general re- 
modelling of the remaining portion of the 


body. 


EXPERIMENTAL PROCEDURE 


Wound contraction in Wistar rats was 
studied in 3 main groups: (1) normal ani- 
mals with uncovered wounds; (2) cortisone 
treated animals with uncovered wounds; 
and (3) normal animalswith covered wounds. 

Normal animals with uncovered wounds. If 
wound contraction is due to shrinkage of the 
wound bed, it should be possible to show 
from movements of known points in the 
surrounding skin that the adjacent skin 
undergoes progressive passive stretching and 
to correlate this with the changes occurring 
in the wound bed. 

Method.—After shaving, a 2 centimeter 
square was marked on the mobile skin of the 
right flank of 4 adult rats weighing 300 to 
350 grams. Lines approximately 5 mil- 
limeters apart were then tattooed parallel to 
the edges of the square. Three days were 
allowed for the trauma of tattooing to sub- 
side. The central square down to the deep 
fascia and including the panniculus carno- 
sus was then excised with fine scissors. Strict 
aseptic precautions were not observed and 
no dressing was applied; wound infection 
was rare. 

Photographs were taken before and after 
excision of the skin and then, at daily in- 
tervals, up to 20 days by which time the 
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Fic. 1. a, Photograph of the shaved portion of rat skin 
(to be excised) showing the central area marked out with 
tattooed lines parallel to the sides of the square. b, Natural 
size photographs before and after excision of the wound 
and on fifth and seventeenth days, illustrating how the 
lines move apart as contraction proceeds (compare with 
Fig. 2). 


wound had healed (Fig. 1). A further photo- 
graph was taken at 30 days. These were 
done under ether anesthesia, at the same 
magnification, in as nearly a standard posi- 
tion as possible and at the limit of expira- 
tion. 

Because of distortion produced in the 
photograph by the cylindrical shape of the 
animal’s trunk, only lines transverse to the 
long axis of the body were used in the 
analysis of results. ‘Two sets of observations 
could therefore be made on each animal 
and the position of the parallel lines relative 
to the wound edge was traced from each 
photograph on to strips of white cardboard 
and assembled into a table (Fig. 2). 

The areas of the 4 wounds were measured 
daily from the photographs by means of a 
radial planimeter. No attempt was made to 
determine the rate of epithelial migration, 
the tracing being made around the easily 
recognized original skin edge. After the 
tenth day the wounds became too small to 
permit accurate measurement; the daily 
values were averaged (Fig. 62). 

At the end of the first, second, third, 
fifth, seventh, ninth, twelfth, fifteenth, and 
eighteenth days after operation, sections 


After excision 


17th DAY 
b 


were taken through the center of the 
wounds, prepared in a similar way and 
stained with hematoxylin and eosin, van 
Gieson, periodic acid Schiff, Alcian blue, 
and silver impregnation to demonstrate 
reticulin following the method of GémGri. 
Results.—Similar results were obtained 
from changes in the surrounding skin; repre- 
sentative observations are shown in Figure 
2. When the skin and subcutaneous tissue 
were excised retraction of the wound edges 
occurred so that the wound, originally 
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square, became larger and somewhat 
rounded. The parallel lines moved more 
closely together, this being more obvious in 
the immediate vicinity of the wound. The 
shape of the wound could now be easily 
altered by slight changes in the position of 
the animal but during the next 24 hours a 
thin pliable scab was formed which, in some 
measure, fixed the shape of the wound. It 
was then found that the wound was re- 
duced in size to approximately the original 
area excised. As early as 48 hours from the 
beginning of the experiment the tattooed 
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Fic. 2. Diagrams to show stages of healing of wounds 
with stretching of surrounding skin. a, The parallel lines 
shown in Figure 1 have been traced from the daily photo- 
graphs to cardboard strips and assembled in table form, 
It has been assumed that the line furthest from the wound 
edge is a fixed point and is represented by the line on 
the right which borders the column labelled ‘‘Time 
(days).”’ The hatched area represents a portion of the 
area to be excised. The black areas represent the same part 
of the wound after excision. The first 2 strips are before 
and immediately after excision respectively and show 
approximation of the lines with retraction of the wound 
edge. After 48 hours the lines move steadily apart until 
healing is nearing completion at about the fourteenth 
day. b, The breadth of the wound from which the table 
was compiled has been plotted daily against time. It can 
be seen that the separation of the lines is closely related to 
the contraction of the wound. 


lines had begun to separate and as the size 
of the wound steadily diminished the lines 
moved further apart, the greatest movement 
occurring close to the skin edge. 

The lines separated steadily until wound 
closure was completed by migratory epi- 
thelium on the fifteenth day. From the 
fifteenth to twentieth day some contraction 
still continued and there was slowing of the 
separation of the lines. From the twentieth 
to thirtieth day there was no appreciable 
contraction and no significant change in the 
pattern of the lines (Fig. 2a). 

If an incision is made around the edge of a 
contracting wound down to the deep fascia 
immediate wide retraction of the skin edges 
occurs. This observation, recorded by many 
workers, was confirmed on several occasions 
during these experiments (Fig. 3). 

There was a rapid diminution of wound 
area during the first 2 days followed by 
slower contraction until the fourth day. This 


DIS! ‘ 
2 8 a | 
ScaLecM| 
a 
{ 
if 
om 
= 
i 
; 


Fic. 3. Photograph of a 5 day old 2 centimeter square 
wound. a, Before incision around the wound edge down 
to the deep fascia; b, after incision, showing wide retrac- 
tion of the original wound edge due to the release of ten- 
sion forces generated in the wound bed. X2. 


then increased suddenly and was main- 
tained until the eighth day, by which time 
the wound was almost closed by migratory 
epithelium. Contraction then slowed but 
continued until the eighteenth to twentieth 
day, the original edges moving more closely 
together even after complete epithelization 
which occurred on the fifteenth day. 

Sections through the wound showed that 
after 24 hours the cut edge was still per- 
pendicular to the underlying muscle but 
migration of a few cells from the epithelial 
edge down over the exposed edge of the 
dermis was already evident. A thin coagu- 
lated mass of fibrin and blood cells covered 
the wound, and there was dilatation of 
capillaries and leucocyte accumulation un- 
der the forming scab. 

During the third to fifth days a well de- 
fined scab formed overlying a thickening 
wound bed composed of newly formed vas- 
cular tissue. The previously perpendicular 
wound edge fell over to become acutely 
angled to the wound bed. This angulation— 
a constant feature—left the panniculus 
carnosus trailing the epithelial edge but 
ahead of the deepest portion of the original 
wound edge. 

By the fifth day collagen appeared in the 
deeper layers of the wound bed and was 
seen in the now thinned zone between the 
moving edge and underlying muscle. 

From the seventh to eighteenth day the 
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wound bed gradually increased in depth 
and narrowed from side to side as the skin 
edges approached each other. By the fif- 
teenth day the wound was covered by a thin 
layer of migratory epithelium, but the 
wound bed continued to shrink, the original 
epithelial edges becoming further approx- 
imated and with some disappearance of the 
migratory epithelium (Fig. 4). 

Cortisone treated animals with uncovered 
wounds. If contraction of the wound is due to 
shrinkage of the connective tissue wound 
bed, inhibition of the formation of this tis- 
sue should be associated with slowing and 
limitations of the contraction — process. 
Forty-nine animals were therefore treated 
with large doses of cortisone and observa- 
tions were made on: the rate of contraction 
(series A); changes in capillary permeability 
(series B); and microscopic structure of the 
forming wound bed (series C). 

Method.—Forty rats (100 to 150 grams) 
with wounds as described were divided into 
2 series (A and B). In series A the rate of 
contraction was measured by photograph- 
ing the wounds at a standard magnification 
(x2) on days 1, 2, 3, 4, 5, 6, 8, 11, 13, 16, 18, 
and 20 (Fig. 5), and the area was deter- 
mined by radial planimetry. 

In series B the capillary permeability was 
estimated by intravenous injection (via the 
tail vein) of 0.5 milliliter of 1 per cent Evans 
blue given 10 minutes before the rat was 
killed with ether. The distribution and 
depth of staining were then noted macro- 
scopically and observations made at 3 and 6 
hours and 1, 2, 3, 5, 7, and 10 days. 

Series A and B were divided into 3 sub- 
groups: (1) 8 rats—controls; (2) 8 rats— 
injection of cortisone 5 milligrams per day 
subcutaneously in the hind legs beginning 
on the day of operation; (3) 4 rats—injec- 
tion of cortisone 5 milligrams per day begin- 
ning on the fifth day of experiment. 

The last series (series C) of 9 rats received 
injections of cortisone 5 milligrams per day 
subcutaneously from the first day of the 
experiment. Histologic examination was 
carried out as described previously. 
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Results.—In series A, the curve obtained 
in the controls (Fig. 64) was similar to that 
of the older animals (300 to 350 gm.) used 
in a previous experiment (Fig. 6a) except 
for an increased rate of contraction during 
the first 4 days. In the second group (injec- 
tion of cortisone 5 mgm./ day), the rate of 
contraction during the first 4 days was in- 
distinguishable from that of the control 
eroup. After this it was considerably slower 
hut contraction continued for a longer pe- 
riod (eleventh day) before diminishing. As 
before, some diminution in size of the wound 
continued until at least the twentieth day, 
but the final area covered by migratory 
epithelium remained larger than in the 
control group. In the third group (injection 
of cortisone 5 mgm./day from fifth day), the 
curve obtained was similar in all respects to 
the controls. 

In series B, in the controls, after 3 hours 
there was slight dye uptake in the immediate 
vicinity of the wound border extending no 
more than 1 millimeter from the cut edge 
into the surrounding skin. After 6 hours, 
staining of the wound border was better de- 
veloped, the dye being present for 2 to 3 
millimeters from the wound edge. Slight 
staining was now recognizable in the under- 
lying muscle which formed the base of the 
wound. At the end of 24 hours the wound 
border was heavily stained up to 7 mil- 
limeters from the wound edge and the dye 
uptake in the underlying muscle was more 
noticeable. After 2 days the wound border 
was even more heavily stained and the su- 
perficial layers of the underlying muscle, 
which formed the base of the wound, stained 
with a similar intensity. On the third day a 
well formed wound bed for the first time 
could be stripped away from the underlying 
muscle. Dye uptake in the underlying mus- 
cle had greatly diminished and staining was 
now most evident in the wound bed. The 
staining in the border of the wound was less 
pronounced. By the fifth day there was very 
little uptake of dye in the wound border or 
in the underlying muscle; staining, which 
was still evident, was almost confined to the 


Fic. 4. a, Diagram illustrating the principal features 
seen in a microscopic section through an exposed full 
thickness skin wound: 1, Immediately following opera- 
tion showing the excised area with the edge perpendicular 
to the underlying muscle; 2, Nine days—a fully formed 
scab with migratory epithelium growing beneath it. The 
wound bed is increasing in depth but shrinking in width, 
particularly at the surface, resulting in an acute angle 
between the original excised edge and the underlying 
muscle. 3, Eighteen days—the wound closed by migra- 
tory epithelium which diminishes in extent as the original 
skin edges are further approximated. There is further de- 
crease in the volume of the wound bed but on its deep 
aspect the base can be traced out to the limits of the 
original wound. b, Photomicrograph of a section through 
a wound at 9 days showing features similar to ‘‘a 2.” 8. 


superficial portion of the wound bed im- 
mediately subjacent to the overlying scab. 
On the seventh and tenth days dye uptake 
in the wound bed became less obvious and 
by the tenth day was barely perceptible. In 
the second group (injection of cortisone 5 
mgm./day), although a similar distribution 


oth EPITHELIUM 
PANNICULUS CARNOSUS 
In ALYING 
M 
fif- jUSCLE 1 
he 
lal MIGRATORY EPITHELIUM 
WOYND BED 
ed 
to 
id 
id 
d | 
a 
1- 
n 
e ~ of 
' 
| 


Fic. 5. Wounds from animals treated with cortisone(5 mgm./day subcutaneously) compared with a 
control. a to e, Cortisone treated animal showing relatively large wound still present on twentieth day: 
a, first day; b, second day; c, eighth day; d, twelfth day; e, twentieth day. f to i, Control wound show- 
ing almost complete closure by twelfth day: f, first day; g, second day; h, eighth day; i, twelfth day. 


of dye was observed there was no gross in- 
crease in dye staining during the first 3 days 
compared with the control growth (Fig. 8). 
After the fifth day the degree of staining was 
similar to that of the control series. In the 
third group (injection of cortisone from 
fifth day) the animals were examined on the 
seventh and fifteenth days and no significant 
difference from the controls was observed. 
In series C, there was a pronounced de- 
pression of the rate of formation of the 
wound bed compared with that in the con- 
trol animals (Fig. 7). After 24 hours the 
scab was thin with only a small number of 
polymorphonuclear leucocytes present be- 
neath it. The capillary dilatation seen pre- 
viously was not apparent. During the first 7 
days the wound bed was laid down in a 
form similar to that of the control group but 
at a considerably slower rate. The leucocyte 
infiltration was less intense and it was not 
until about the ninth day that collagen was 
obvious in the deeper layers of the wound. 
Normal animals with covered wounds. The 
first rapid phase of contraction of the wound 


appears to be closely related to the drying 
of the superficial scab. Attempts were made 
to limit its formation and thus to demon- 
strate its role. Eight rats were used. 
Method.—In group A, 4 rats (weighing 
300 to 350 gm.) were prepared as before. 
Each wound was coated liberally with vase- 
line, and a piece of polythene film 4 cen- 
timeters square was used as a dressing to 
prevent adherence to the wound. The 
trunk of the animal was then wrapped in a 
light metal shield as described by Linquist 
and fastened with adhesive strapping passed 
circumferentially around the animal. The 
dressing was inspected and repacked with 
vaseline every second day. It was found that 
if smaller (more mobile) animals were used 
they soon escaped from the metal shields. In 
group B, wounds were made in 4 more rats 
and immediately covered with a thick layer 
of nobecutane—a plastic material suitable 
for occlusive dressings. Five coats were ap- 
plied with time between each for drying. 
The animals were inspected daily and the 
covering renewed when necessary. 
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Fic. 6. Average rates of healing in the different groups 
of animals used in the various experiments: a, control 
(300 to 350 gm.); 4, control (100 to 150 gm.); ¢, corti- 
sone 5 milligrams per day (100 to 150 gm.); d, cortisone 
begun on fifth day (100 to 150 gm.). 

Fic. 7. Low power photomicrograph to show the dif- 
ference in thickness of the wound bed at 12 days in: a, 
control animal and, b, cortisone treated animal. <8. 


Results.—In group A, it was found that 
very little healing took place in the long 
axis of the animal but closure in the trans- 
verse axis was rapid so that by the tenth day 
healing was almost complete (Fig. 9), that 
is, considerably earlier than in the control 
animals. 

In group B, it was obvious at the end of 
24 hours that no scab had formed, the 
wound being visible through the plastic 
almost as if freshly made. The initial de- 
crease in size of the wound seen in the con- 
trol animals over the first 24 hours was not 
observed. 


DISCUSSION 


Wound contraction is a complex process 
in which different mechanisms contribute 
to the final result. From the observations 
made in these experiments the site of action 
of the contracting force has been localized to 
the wound bed. This fact becomes obvious 
from the following findings: (1) Lines tat- 
tooed parallel to the sides of the wound 
steadily separate as contraction proceeds, 
this being most evident immediately adja- 
cent to the wound. (2) If an incision is made 
around the edge of a contracting wound 


Fic. 7. 


down to the muscle wide retraction of the 
wound margin occurs. 

These findings confirm Carrel’s view, up- 
held by Linquist and Billingham and 
Medawar (3), that wound contraction is 
due to shrinkage of the newly formed wound 
bed. Van den Brenk has recently suggested 
that wound closure is due to pulsion forces 
generated in the surrounding skin. If this 
were so, one would expect the parallel lines 
to come more closely together during con- 
traction; but the opposite is observed. 

The skin surrounding the wound is not 
merely stretched for it soon approaches 
normal skin in arrangement and thickness 
of epidermis and dermis. This “‘intussuscep- 
tive’ growth of skin has been clearly demon- 
strated by the ingenious experiments of 
Billingham and Medawar and the stimulus 
is thought to be continuous tissue tension. 

Observations on the perimeter of con- 
tracting wounds agree with those of Billing- 
ham and Russel (4) who found in the rabbit 
that although circular wounds show a de- 
crease in perimeter, rectangular wounds 
may show an increase during the contrac- 
tion phase. They explain this by assuming 
that the contracting force always acts at 
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right angles to the wound edge. This in- 
crease is easily accomplished by the process 
of intussusceptive growth. For a circular 
wound to heal there must be a reduction in 
the perimeter and it seems that this is not 
as easily brought about, for as Figure 10 
shows, buckling of the wound margin may 
occur because of the consequent mechanical 
stresses. This result probably accounts for 
the increased time taken for contraction of 
circular wounds compared with straight 
sided wounds of the same area. These re- 
sults contradict those of Burrows and 
Hegemann who proposed a sphincter-like 
action of the wound edge as a basis for 
contraction. 

The first factor of importance is the role 
of the scab. Considerable reduction in the 
size of wounds in mobile skin can take place 
during the first 24 to 48 hours by simple de- 
hydration of this structure. During the first 
2 to 3 days the scab is adherent to the wound 
bed and if removed retraction again occurs. 
After this time the scab becomes less ad- 
herent and can be removed with little alter- 
ation in the size of the wound or in the sub- 
sequent rate of contraction. If the scab is re- 
moved after the first 48 hours and allowed to 
dehydrate overnight on the bench it will be 
found to have diminished considerably in 
volume and folded over to become deeply 
concave on its under surface (Fig. 11); it is 
assumed that the superficial layers of the 
scab are dryer than the deeper layers which, 
with loss of water, undergo greater reduc- 
tion in volume. These changes are less ob- 
vious after the sixth day. 

Another factor of importance is the age of 
the animal. Wounds in the older group 
(weighing 300 to 350 gm.) contract during 
the first 4 days at a slower rate than those of 
the younger (100 to 150 gm.) animals (Fig. 
6a and b). This fact is probably due to the 
increasing thickness of the skin with age 
which leads to a corresponding decrease in 
mobility and not to a change in the rate of 
fibroplasia. Howes and Harvey (13) be- 
lieved that accelerated healing seen in 
young animals was due to an earlier onset of 


fibroplasia and failure of retardation as 
healing neared completion rather than to 
more rapid division of fibroblasts. This 
belief is not supported by the present ex- 
periments as there was little difference in 
the rate of contraction after the fourth day. 

On account of the difficulty in retaining 
suitable dressings in place, most workers 
with the rat have been content to study only 
wounds freely exposed to the air. The rat is 
extremely intolerant of any form of dressing 
and being an active mobile creature soon 
rids itself of any retaining apparatus. In 
most cases the distinction between contrac- 
tion and epithelial growth has been largely 
ignored and simple closure of the wound 
has been taken as the end point for the ex- 
periment. Mechanical fixation of the sur- 
rounding skin by dressings has not been 
adequately considered. When a dry gauze 
dressing is used, coagulation of serum on the 
dressing leads to some fixation of the skin 
edge; if vaseline and gauze are used the 
gauze remains pliable and will not adhere 
to the wound. The result obtained is then 
attributed to the effect of vaseline on the 
wound rather than on the overlying gauze. 
Linquist is one of the few who has carefully 
distinguished between the effect of vaseline 
on wound contraction and epithelial regen- 
eration. He found that vaseline accelerated 
the contraction of wounds compared with a 
dry dressing but his observations are open 
to criticism since a study of the shape of the 
wounds illustrated indicates that the metal 
shield used to retain the dressings played a 
significant mechanical role in the closure of 
the wounds. 

If the early diminution in wound size due 
to the scab be disregarded there is, in most 
mammals studied, a latent period of 4 to 7 
days during which there is little alteration; 
this is followed by an abrupt onset of wound 
closure. Although this phase may be latent 
in the sense that the wound edges are not 
coming together, it has been shown by 
Dunphy, Uduha, and Edwards that it is a 
period of intense activity during which 
much mucopolysaccharide ground sub- 
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Fic. 8. Photographs of wounds illustrating the changes 
in capillary permeability in control and cortisone treated 
animals. Ten minutes before the rats were killed 0.5 
milliliter of 1 per cent Evans blue was injected intra- 
venously. After death the whole wound and the under- 
lying muscle were excised in a block, the skin then care- 
fully peeled back from the underlying muscle and the 2 
specimens pinned out and photographed. a, On the 
second day in the control animal the wound border was 
heavily stained and the superficial layers of the under- 
lying muscle which formed the base of the wound were 
stained with a similar intensity. The cortisone treated 
wound showed less uptake of dye both in the wound edge 
and in the underlying muscle. b, On the third day, a 
well formed wound bed could be stripped away from the 
underlying muscle. Dye uptake in the wound edge and 
the underlying muscle had greatly lessened and staining 
was now most evident in the wound bed. Diminished 
intensity of staining was again seen in the cortisone 
treated wound. c, On day 5, diminished dye uptake in- 
dicating fall in capillary permeability of wound bed 
was seen and control resembled cortisone treated animal. 


stance (estimated as hexosamine) is de- 
posited in the wound bed in association with 
the formation of new capillaries and fibro- 
blasts. Capillary permeability in the wound 
edge and in the exposed underlying muscle 
is highest during this period. 

In most healing wounds the onset of 
contraction at the fourth to seventh day 
coincides with the appearance of collagen 
both histologically and chemically. This 
fact has led to the widely held belief that 
collagen shortening is responsible for the 
onset of contraction. Abercrombie and 
others have, however, shown that contrac- 
tion can occur in guinea pigs on a scorbutic 
diet in the absence of collagen. Mature col- 
lagen fibers undergo swelling in acids and 


CORTISONE 5 mg. / day 


alkalis and with changes in temperature as 
shown by Gustavson but these conditions 
are outside the physiologic range. Little is 
known of the changes in length of young 
collagen fibers but electron microscopy has 
shown a constant periodicity of approx- 
imately 640 Angstrém units which suggests 
that the fibers themselves do not undergo 
changes in length. 

It is known that ground substance itself 
has the property of significant volume 
changes with imbibition of water. Storey, 
working on the pubic symphysis of the 
mouse, concluded that the relaxation oc- 
curring during pregnancy was due to in- 
creased hydration of ground substance as- 
sociated with a greatly increased capillary 
permeability. Direct measurement of the 
water content of the wound bed has been 
made in rats by Paul, Paul, Taylor, and 
Marsters. They found that the water con- 
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Fic. 9. Square wound in the mobile skin of the flank 
which has been thickly smeared with vaseline and then 
covered with a sheet of polythene film. The film has 
been kept in place by a metal shield passed around the 
animal. The mechanical effect of the dressing is well 
seen, there being rapid healing in the transverse axis of 
the animal. a, Fourth day. b, Tenth day. 


tent of the excised wound bed is higher than 
normal skin and remains constant until the 
twelfth day after which it gradually de- 
creases but at the eighteenth day is still 
above normal. These observations are what 
might be expected in the area defined by the 
wound edge, since it has been shown that 
capillary permeability remains high under 
the scab until epithelial closure is obtained. 
It would be extremely difficult to measure 
separately the water content in that part of 
the wound bed already covered by the 
overhanging wound edge. However, this 
part of the wound bed has a low capillary 
permeability and it is obviously diminishing 
in volume so that one might expect a de- 
creased water content in it. 

Van den Brenk and Billingham and Rus- 
sel (4) observed that cortisone produces ob- 
vious effects on wound healing in the rabbit. 
Man and the rat are less susceptible to this 
hormone but, in the present experiments, 


Fic. 10. 


Fic. 10. The effect of the shape of the wound on the 
rate of healing. a, Decreasing perimeter resulting in buck- 
ling of the wound margin. b, Stellate wound with little 
decrease in perimeter and no consequent mechanical 
stress and more rapid healing of the wound. 

Fic. 11. The effect of dehydration on the scab: a, Scab 


some effect was obtained with the high 


dosage used. There was delay in the onset of 


contraction and, once established, contrac- 
tion proceeded at a slower rate. Histologic 
study showed early depression of inflam- 
matory changes around the wound with the 
laying down of only a thin wound bed. 
These observations were confirmed by the 
failure of the capillary permeability to rise 
during the first 3 days. 

It has been suggested by Abercrombie 
and others that wound contraction is brought 
about by active shortening of the cyto- 
plasmic processes of fibroblasts in a manner 


somewhat similar to the contraction of 


smooth muscle. He bases his argument 
partly on his observation that in animals on 
a scorbutic diet contraction proceeded at 
the normal rate even though collagen (esti- 
mated chemically as hydroxyproline)was 
greatly diminished or even absent and also 
on the well recognized observation made by 
Wolbach and Penney and Balfour that in- 
tercellular substance is not found in scor- 
butic animals. Abercrombie’s animals were 
only on the scorbutic diet for 5 days prior to 
the experiment, and judging from the exper- 
iments of Wolbach and those of Penney 
and Balfour it seems likely that the animals 
were only partially scorbutic and consider- 
able amounts of mucopolysaccharide were 
present. Current studies (in progress) on 
wound contraction in guinea pigs on a 
scorbutic diet for 14 days before wounding 
indicate that there is a greatly diminished 
rate of contraction. There is therefore little 


Fic. 11. 


from a 2 day old wound seen immediately after removal 
(viewed from the side). b, Same scab after drying on the 
bench for 24 hours (also viewed from the side). Shrinkage 
is greatest on the under surface resulting in the scab be- 
coming deeply concave from below. This shows the ca- 
pacity for shrinkage on dehydration of the moist parts. 
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evidence in of Abercrombie’s 
hypothesis. 

There is no clear distinction between con- 
traction and the late cicatrization which 
takes place in full thickness wounds which 
have been allowed to granulate freely over a 
prolonged time. These processes are essen- 
tially the same but the result has been modi- 
lied by the fixation of the underlying tissue 
and the presence of a bulky mass of inelastic 
collagen. The amount of collagen in a 
wound is a function of the time taken for the 
wound to close; and its distribution and 
density, judging from ear chamber experi- 
ments, is also dependent to some extent on 
the tension in the wound bed. Collagen pro- 
vides the tensile strength to a wound and 
with minimal collagen, as in first intention 
healing, the tensile strength rapidly rises to 
a normal level in about 14 days as pointed 
out by Howes and associates (14). To mini- 
mize collagen formation wounds must heal 
at the earliest possible moment, for studies 
on the rate of turnover in radioactive carbon 
indicate that collagen is biologically inert 
and, as suggested by Neuberger, Perrone, 
and Slack therefore would take a long time 
to disappear. In the rat with its very mobile 
skin, rapid healing can be achieved with 
quite large wounds by the early occurrence 
of contraction so that a cosmetically pleas- 
ing wound results. Man’s skin is far less 
mobile so that wounds of the same area take 
much longer to heal, more collagen is laid 
down, and deformity results. The late 
stenosis of artificial stomas is a common 
surgical problem and it is becoming accepted 
that the greatest protection against this com- 
plication is suture of mucosa to skin with 
early healing of the wound. 


support 


SUMMARY AND CONCLUSIONS 


These experiments show that the con- 
tracting force is exerted by factors within the 
wounded area. In the initial stages the scab 
is responsible for an early rapid contraction 
and this is probably due to simple dehydra- 
tion. After the first 4 days there is a further 
abrupt onset of contraction which can be 
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related to decreased capillary permeability 
and dehydration of the wound bed. Con- 
traction then proceeds at a rapid rate until 
epithelial closure is nearly complete when it 
slows. Epithelial regeneration begins at an 
early stage, continues pari passu with con- 
traction, and ends when the wound bed is 
epithelized. Contraction continues after 
epithelization is complete and there is dis- 
appearance of some migratory epithelium as 
the original edges come together. 

As contraction proceeds there is a pro- 
gressive increase in the depth of the wound 
bed. This proliferation ceases as epithelial 
cover is obtained. This fact may explain 
the shape (on cross section) assumed by the 
wound bed which is narrow superficially 
with a wide base and which extends out to 
the limits of the original wound. Collagen 
first appears in the deepest layers of the 
wound bed indicating that these are the first 
to be laid down. The wound bed then grows 
by a process of “‘appositional growth”’ in the 
area immediately subjacent to the scab. 

Cortisone was found to interfere with the 
laying down of all the constituents of the 
wound bed. There is no effect on reduction 
in area in the early stages (due to simple 
dehydration of the scab) but it delays the 
onset of contraction due to the shrinkage of 
connective tissue which also proceeds at a 
slower rate. Contraction is incomplete in 
cortisone treated animals, the final area cov- 
ered by migratory epithelium being larger 
than in the control group. Cortisone, given 
after shrinkage of the wound bed has begun, 
has little effect on the subsequent course. 

During the first 3 days when the bulk of 
the wound bed is laid down, the capillary 
permeability is high in the wound edge and 
in the underlying muscle which forms the 
base of the wound. Thereafter, the high per- 
meability is confined to the region imme- 
diately beneath the scab which has been 
shown to be the growing area. This increased 
permeability during the first 3 days was not 
seen in the cortisone treated animals and 
can be correlated with the small wound bed 
seen in this group. 
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The differing rate of contraction in young 
and old animals was most obvious during 
the first 4 days. The main factor is probably 
a difference in skin mobility rather than in 
the rate of fibroplasia. 

When experiments on wound coverage 
were attempted it was found that it is almost 
impossible to retain a dressing in place with- 
out introducing mechanical stresses which 
greatly influence the over-all rate of healing. 
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SYNTHETIC MATERIALS AS VASCULAR PROTHESES 


III. Long Term Studies on Grafts of Nylon, Dacron, Orlon, 
and Teflon Replacng Large Blood Vessels 


J. HAROLD HARRISON, M.D., F.A.C.S., Atlanta, Georgia 


IN A COMPARATIVE STUDY of synthetic ma- 
terials as vascular prostheses under various 
conditions, grafts of nylon, dacron, orlon, 
teflon, and ivalon sponge were inserted into 
defects created in the thoracic aortas of 84 
dogs. The results with these after 1 to 2 years 
have been previously reported (1). There 
was occlusion of only 1 graft and this might 
be excluded as it was secondary to a hema- 
toma. 

There was rapid breakdown of the ivalon 
sponge, leading to aneurysms and rupture 
of the grafts. Nylon lost 80 per cent of its 
original strength by 6 months and up to 95 
per cent after 2 years. This was complete, 
leading to rupture of 1 of the grafts. 

No complications were encountered with 
grafts of orlon, dacron, or teflon after 1 year, 
and the materials lost little of their original 
strength. 

This article represents the observations 
in 10 of these animals with grafts of nylon, 
dacron, orlon, and teflon observed for periods 
up to 3 years. 


MATERIALS 


Weaves of nylon, dacron, and teflon were 
fashioned with a sewing machine into grafts 
of the appropriate size and shape. All were 
tapered to allow better fit (Table I). 

Orlon tubes were knitted with 48 stitches 
per inch of type 42 orlon fabric, a soft spun 
staple yarn possessing a high residual shrink- 
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age and a fuzzy surface. These were placed 
on a tapered form, heated, and shrunk in a 
retort at 300 degrees F. for 3 minutes. The 
inner surface was then singed. 


METHODS 


These studies were performed in a man- 
ner previously described (1). Adult mongrel 
dogs were used. Segments of the descending 
thoracic aortas were excised between Pott’s 
clamps and replaced by tapered grafts the 
same size and 6 to 7 centimeters in length. 
A shunt made of polyethylene tubing was 
placed between the left subclavian artery 
and the descending aorta during the period 
of occlusion. The anastomoses were done 
with a continuous over-and-over suture of 
No. 5-0 arterial silk after placing everting 
mattress sutures at 2 corners. 

Postoperatively the dogs were watched 
carefully for changes in pulses and then 
sacrificed at intervals up to 3 years. Aorto- 
grams were done prior to sacrifice. All grafts 
were excised and studied grossly and histo- 
logically. 


TABLE I.—PHYSICAL CHARACTERISTICS OF SYN- 
THETIC FABRICS 

Thread count, 

—thr./inch— Thickness, Air 
Material Warp Filling inch porosity! 
Dacron No. 14 (calendered)?.. 116 100 .00275 4.0 
Nylon (NY-319F) (calendered) 254 126 .007 26.3 
Teflon (TF-208)............ 76 65 .0091 3.43 


1Air porosity is number of cubic feet of air that will pon through a 
uare foot of fabric in 1 minute at an air pressure of 0.5 inch of water. 


is is a standard measure used by the manufacturers. It correlates well 
with the size of the interstices of the weave and the water and blood 
porosity. 

2Calendering is the process of pressing between heated rollers. 
Threads are flattened, resulting in a decrease in thickness, lower por- 
osity, and smoother surface. 
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Fic. 1. Nylon graft at 21 months; open view. There 
was complete breakdown of the fabric with a dissecting 
aneurysm that ruptured through the fibrous enclosure 
and a bronchus. Arrow points to site of rupture. The 
remainder of the nylon in the graft had lost 95.4 per 
cent of its original strength. 


Tensile strength determinations were 
made on portions of the materials making up 
the grafts after they were dissected from their 
enclosing tissue by using a highly sensitive 
electronic weighing system (Instron appa- 
ratus). This apparatus employs bonded wire 
strain gauges for detecting and recording 
the tensile load applied to the sample under 
test. A stress strain curve is plotted. With 
this apparatus, full scale sensitivities can be 
extended from 2 grams to 1,000 pounds or 
more. Similar width and length strips of the 


TABLE II.—RESULTS WITH SYNTHETIC PROS- 
THESES 
Loss of tensile 
Dog No. of _ strength, 
Material No. days per cent 
Nylon 210 651 95.4! 
153 726 58.3 


Comments 


Rupture with bleeding 

Hematoma from delayed 
bleeding 

Rupture adjacent to longitu- 
dinal suture line with 
exsanguination 

164 1073 80.7 Healed? 


Dacron 442 780 11.4 


373 761 74.6 


Hematoma from delayed 
bleeding 

Hematoma from delayed 
bleeding 


397 644 


Orlon 485 735 23.8 Hematoma from delayed 
bleeding 

Hematoma around distal 
one-third 


484 670 1.0 


Teflon 545 677 aD Healed except 1 by 2 cm. 


area 
549 675 7.0 Healed 


1Tensile strength determinations could not be done on area that rup- 
tured. This figure represents loss of strength in remainder of graft. 
2Healed implies that graft has become encapsulated in fibrous tissue. 
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original fabrics used in making the grafts 


were used as controls. (1). 


RESULTS 


All of the grafts remained patent during 
the period of observation. 

Nylon. Four of the original 30 animals 
were observed for a period of 2 to 3 years 
(Table II). There was complete breakdown 
of the nylon fabric in 1 graft at 21 months 
resulting in a dissecting aneurysm which 
ruptured through its fibrous enclosure and 
a bronchus allowing bleeding of approxi- 
mately 500 cubic centimeters. One animal 
exsanguinated at 25 months from rupture 
of the graft. Autopsy revealed a longitudinal 
tear in the nylon fabric adjacent to an intact 
longitudinal suture line (Fig. 1). 

There was in 1 animal sacrificed at 24 
months a hematoma surrounding the graft 
that was enclosed in a thick fibrous capsule. 
This pulsated and gave the gross appear- 
ance of an aneurysm. The outer portion of 
the blood clot was old and partially organ- 
ized while the inner portion was soft and of 
more recent origin. The nylon fabric and 
the longitudinal suture line were intact. 
Healing had progressed for 2 to 5 milli- 
meters across both suture lines. There was 
no lining of the inner surface of the re- 
mainder and water injected into the closed 
graft flowed freely through its interstices 
(Fig. 2). One graft was well healed after 36 
months. 

Tensile strength determinations on the 
remainder of the nylon making up the grafts 
that ruptured at 21 and 25 months revealed 
a loss of the original strength of 95.4 and 
74.6 per cent. The complete breakdown 
with rupture indicated, of course, 100 per 
cent loss at the sites of this occurrence. There 
was a loss in strength of 58.3 and 80.7 per 
cent in 2 grafts after 24 and 36 months 
respectively (Table II). 

Dacron. Two of the original 18 animals 
were sacrificed at 21 and 26 months. In both 
there were complications similar to those 
encountered with 1 of the nylon grafts. They 
were enclosed in encapsulated hematomas 
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(Table II). The grafts were intact and healed 
at the suture lines. There were no further 
attachments and water placed in the lumens 
{lowed freely through the interstices (Fig. 3). 

The dacron in 1 graft lost 11.4 per cent of 
its original strength after 17 months. The 
other specimen was misplaced before tensile 
strength determinations could be made 
(Table II). 

Orlon. Two of the original 9 animals with 
erafts of knitted orlon were sacrificed at 22 
and 24 months. In 1 the graft was sur- 
rounded by an encapsulated hematoma 
similar to that observed with the dacron 
and nylon grafts. Healing had progressed 
one-fourth the length of the graft from both 
ends while the remainder was free of at- 
tachments. A small organizing hematoma 
surrounded the distal one-third of the other 
graft (Table II). 

The orlon grafts lost 23.8 and 1.0 per cent 
of their original strength after 24 and 22 
months respectively (Table II). 

Teflon. Two of the original 18 animals 
were sacrificed at 22 months. The grafts 
were pliable and easily dissected from the 
surrounding tissue in the chest. One was 
completely healed, being enclosed in a thin 
layer of fibrous tissue on the inner and outer 
surfaces that was continuous through the 
interstices of the weave (Fig. 4). The fibrous 
tissue was strongly adherent and difficult to 
strip from the graft. The other graft was 
healed with the exception of a 1 by 2 centi- 
meter area in the central portion of the inner 
surface. This was covered by a loosely at- 
tached layer of fibrin which was continuous 
with the inner fibrous covering. 

There was a loss of the original strength 
of the teflon of 5.3 per cent in one and 7.0 
per cent in another of the grafts at 22 months 
(Table IT). 

The remainder of the animals have good 
femoral pulses and are to be observed for 
longer periods of time. 


DISCUSSION 


The continuing observations in this study 
indicate further the ease of maintenance of 


Fic. 2. Nylon graft 24 months: a, in situ view and, b, 
opened view. The graft was surrounded by an encapsu- 
lated hematoma. This pulsated and gave the gross ap- 
pearance of an aneurysm. Healing had progressed across 
both suture lines. The remainder of the inner surface was 
bare. The outer portion of the hematoma was old and 
partially organized whilé the inner portion was of more 
recent origin. 


patency of a synthetic prosthesis when re- 
placing a blood vessel larger than 9 milli- 
meters in diameter. There was occlusion of 
only 1 of the 84 grafts replacing the thoracic 
aorta of dogs and this one in the early period 
secondary to a hematoma. 

The significant and to date unexplained 
findings were the bare inner surfaces and 
the hematomas around the grafts of nylon, 
orlon, and dacron after 2 years. Similar 
complications were not observed in animals 


age * > 
a 
he 
ed 
id 
vn 4 
er 
re 
er 
ns 
Is 
iS 
' 


4 5 6 7 8 


i 


b 


Fic. 3. Dacron graft thoracic aorta, 21 months: a, outer 
view, b, opened view. The graft was enclosed in an encap- 
sulated hematoma. The graft was attached only at the 
suture lines where healing had occurred. Arrow points to 
hematoma, the outer portion of which was partially or- 
ganized while the inner portion was soft and of more re- 
cent origin. 


sacrificed at periods up to 1 year and portions 
of the hematomas were not calcified or or- 
ganized, indicating that they had not been 
present for more than 6 months to a year, 
if that long. 

Following the insertion of a synthetic 
graft, a loosely attached layer of fibrin is 
deposited on the inner surface. In the nor- 
mal healing process this is replaced by fibrous 
tissue growing through the interstices of the 
graft. It is possible that healing did not oc- 
cur in the nylon, dacron, and orlon grafts 
and the fibrin linings became detached, 
leaving the inner surfaces bare. Another 
possibility is that healing occurred followed 
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by a sloughage of the inner fibrous linings. 

The absence of this occurrence in the 
teflon grafts might be significant. There is 
little functional difference in the origin! 
porosities of the grafts. Teflon incites less 
foreign body tissue reaction than the other 
materials. This fact is responsible for more 
rapid healing and enclosure of the grafts in 
less dense and more adherent fibrous tissue. 
This factor might have played a role in the 
failure to heal or the sloughage after heal- 
ing, occurring in the nylon, orlon, and 
dacron grafts. 

The bleeding in these grafts was through 
the interstices. The anastomoses were well 
healed and the longitudinal suture lines in 
the ones prepared on the sewing machine 
were intact. The original air porosity of the 
dacron weave used for the preparation of 
the grafts studied was 4.0, nylon 26.3, and 
teflon 3.4. Water porosity determinations 
were made before and after submersion of 
these materials in water for periods up to 6 
months. All of them became practically non- 
porous by 1 to 3 months, because of swelling 
of the fibers, and remained so during the 6 
months’ period of observation. There was 
minimal bleeding through the interstices of 
these grafts at the time of insertion, and 
similar bleeding was not encountered in 
these and others of the same materials but 
greater original porosities in animals sacri- 
ficed at earlier times. These factors further 
mystify the delayed bleeding and water 
flowing through the interstices of the grafts 
after 2 years. 

The small number of animals in each 
group sacrificed at the longer intervals pre- 
cludes any absolute conclusions. The compli- 
cations were of such frequency in the ones 
studied, however, that considerable caution 
and further study seems indicated before 
grafts of nylon, dacron, or orlon are widely 
accepted for clinical usage. 

The results of the tensile strength studies 
correlated well with those previously re- 
ported (1, 2, 4). A plastic prosthesis serves 
as a network for the ingrowth of fibrous tis- 
sue. This tissue will add support but it is not 
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of sufficient strength to prevent aneurysm or 
rupture should the plastic itself break down. 
The synthetic material making up the grafts 
should, therefore, be initially strong enough 


to withstand the forces of the blood stream > 


and maintain this strength for a long period 
of time. Previous studies have indicated that 
the loss of strength of a synthetic material 
alter implantation is due primarily to chem- 
ical degradation (1-4). Mechanical forces 
might eventually have some influence. 

Nylon is strong enough but is far from 
being chemically inert. This chemical in- 
stability is thought to be responsible for its 
loss of strength after implantation in the 
body which led to rupture of 2 of 4 grafts 
after 2 years (Fig. 5). It is, therefore, con- 
sidered unsatisfactory as a vascular pros- 
thesis. 

Dacron, orlon, and teflon lost little strength 
after 2 years (Fig. 5). Teflon is the most 
inert plastic known, being attacked only by 
molten alkali metals and fluorine gas at ele- 
vated temperatures and pressures. 

It would be expected to maintain its 
strength over a longer period of time than 
orlon or dacron. It also has a higher flex 
abrasion resistance that would make me- 
chanical breakdown less likely. 

Grafts made of teflon were the only ones 
in which complications did not occur when 
observed for periods longer than 2 years. In 
addition, the healed grafts had a thinner 
fibrous enclosure resulting in more pliability. 
Grossly, this factor appeared to give more 
elasticity to the walls but measurements 
were not made. 

The results indicate that a teflon prosthesis 
is preferable to a homograft for replacing 
segments of blood vessels larger than 9 milli- 
meters in diameter (iliac arteries and larger 
in humans). They are well tolerated, will 
remain patent, and the evidence indicates 
that their strength will be maintained over 
a longer period of time. 

The original limitations to teflon were due 
to the inability of the manufacturers to pro- 
duce a graft with the desired properties. 
These have now been eliminated and teflon 
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Fic. 4. Teflon graft 22 months: a, outer view, b, opened 
view. There had been complete healing. The graft was en- 
closed in a thin layer of fibrous tissue on the inner and 
outer surfaces continuous through the interstices of the 
weave. 
grafts of any size or shape with any combi- 
nation of branches can be produced. With 
this accomplished it is believed that teflon is 
the synthetic material of choice for replacing 


blood vessels. 


22 6 6 12 26 36 
DACRON NYLON 


Fic. 5. Comparison of tensile strength of plastic 
grafts. There was little change in strength of the orlon, 
dacron, or teflon, while there was almost complete 
breakdown of nylon during the periods of observation. 
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SUMMARY 


Ten of an original group of 84 dogs with 
grafts of dacron, nylon, orlon, and teflon 
inserted into defects in the thoracic aorta 
were observed for periods up to 3 years. 

Maintenance of patency was no problem 
as only 1 graft became occluded and this 
secondary to a hematoma. 

There was delayed bleeding through the 
interstices of grafts of nylon, dacron, and 
orlon resulting in encapsulated hematomas. 

Nylon continued to lose strength. Com- 
plete breakdown resulted with rupture in 2 
grafts. Dacron, orlon, and teflon main- 
tained most of their strength during the 
period of observation. 

Grafts made of teflon were the only ones 
in which complications did not occur when 
observed for 2 years. In addition teflon 


should, due to its greater chemical inertness. 
be expected to maintain its strength over a 
longer period of time. It is considered the 
synthetic material of choice as a vascular 
prosthesis and superior to homografts for re- 
placing vessels larger than 9 millimeters ii 
diameter. 
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UROEPITHELIAL LINED SMALL BOWEL 


AS A URETERAL SUBSTITUTE 


LEONARDO S. J. MARTIN, M.D., Macati, Rizal, Philippines, and JAMES H. DUXBURY, 
M.D., and WYLAND F. LEADBETTER, M.D., F.A.C.S., Boston, Massachusetts 


‘THE NEED for a physiologic ureteral sub- 
stitute interposed between the pelvis of the 
kidney and the bladder which will effectively 
propel urine in a normal manner is a prob- 
lem, the solution of which is yet to be 
found. A practical procedure for accomplish- 
ing this would lead to the solution of numer- 
ous problems encountered in the study of 
upper urinary tract abnormalities, such as 
tumor of the ureter, adynamic ureter, and 
severe stricture of the ureter. Our experience 
in the use of vesical mucosal patch grafts in 
narrowed nonreversed seromuscular ileal 
segments, herein described, suggests that 
this may provide the ideal ureteral sub- 
stitute. 

The substitution of the entire ureter, or 
the repair of extensive defects, has been 
attempted by others using a variety of 
methods. In most instances, serious draw- 
backs have been encountered, both on an 
experimental and a clinical basis. 

Strauss, in 1914, made use of pedicled 
abdominal wall grafts consisting of peri- 
toneum, fascia, and abdominal muscle, 
rolled into a tube with peritoneum as the 
inner lining, to replace the ureter. ‘Transi- 
tional epithelium regenerated along the 
peritoneal lining. The grafts shrunk and 
their lumens became occluded. There was 
also ossification in the fascial layer. 

Free fascial grafts were used by Lord 
and associates to bridge ureteral defects 
splinted by vitallium tubes. Uroepithelium 
grew along the inner fascial lining, but 
bone formation and shrinkage of the grafts 
resulted. 


From the Department of Urology, Massachusetts General 
Hospital, Boston. This study was aided by a grant from the 
American Urological Association. 


439 


Blood vessel grafts were used by Rosen- 
berg and Dahlen to replace the ureter. 
Urothelium regenerated over the endothelial 
lining of the blood vessel grafts. However, 
the result was marked fibrosis, shrinkage, 
and ossification of the grafts. Sanders and 
Schein attempted to embed the blood vessel 
grafts within submucosal tunnel created in 
the adjacent colon, but these attempts also 
failed for the same reasons. 

Pedicled fallopian tube grafts were used 
by Schein and associates to replace long 
segments of ureter. The tube retained its 
native epithelium and was not overgrown 
or replaced by transitional epithelium. Urine 
stasis developed in the graft and eventually 
led to marked dilatation of the graft with 
inability to conduct urine. 

Prolonged splinting with polyethylene 
tubing was used by Huffman and associates 
to bridge a total ureteral defect. ‘The splints 
were left in place up to 6 months. Evidence 
of uroepithelium and connective tissues 
surrounded the splint, but no ureteral mus- 
culature regenerated. Bone formation also 
occurred in the developing connective tissues. 

Horton and Politano made use of split 
skin grafts to reconstruct the ureter. ‘The 
graft retained its stratified squamous epi- 
thelium but changed slightly in appearance 
at the graft-ureter junction to simulate the 
adjacent transitional lining of the ureter. 
Prolonged splinting of the graft was neces- 
sary until the longitudinal and circum- 
ferential skin. contracture had ceased. Graft 
contracture continued for about 3 months. 
No muscular coat was present to provide 
peristalsis. 

The use of an intact intestinal segment as 
ureteral substitute has been popularized in 
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ond mucosa dissected off 


Fic. 1. Drawings showing the technique of preparing 
the ileal segment. A, Opening it longitudinally. B, 
Dividing it of its mucosa. C, Longitudinally narrowing 
the segment. 


recent years and seems to be the most 
feasible substitute to date. Melnikoff, in 
1912, published a summary on the replace- 
ment of the ureter by an isolated loop of 
small intestine. He also included experi- 
mental efforts to use metallic tubes, blood 
vessel grafts, peritoneum, tubes of mesentery, 
muscular wall, and fallopian tubes. Except 
for use of the small bowel, all procedures 
for replacement of large segments of de- 
stroyed ureter were considered inadequate. 
He further reported that the first successful 
experimental substitution of the ureter by a 
loop of small bowel in dogs was performed 
in 1900 by d’Orso and de Fabii, and the 
first successful human ureteral repair with 
an isolated segment of ileum was performed 
by Shoemaker (17). 

Further reports were made by Nissen, 
Pyrah, Cibert, Couvelaire, and others, con- 
cerning the use of the small bowel to replace 
the ureter both on a clinical and an ex- 


(BE) Freed biadder mucose 


(D) Blodder mucosa 
separated by 
blunt dissection. 


(F) Bladder strips \ 
transplanted to 
narrowed ileal 
segment. 


Tiea!l segment fashioned around o polyethylene tube. 
Continuous suture anastomoses ileal edges 


longitudinally reinforced by o tew 
interrupted sutures. 


Fic. 1. D and E, Method of securing and preparing 
bladder mucosa for grafts. F, Fixation of grafts to 
denuded surface of ileal segment. G, Closure of segment 
about polyethylene splint. 


perimental basis. Although this appears to 
provide a satisfactory conduit, it has, how- 
ever, presented a number of shortcomings 
when compared with the normally function- 
ing ureter. The objections have been those 
of absorption of urinary electrolytes, stasis 
of urine, persistence of infection, mucous 
secretion, marked vesicoureteral reflux, and 
with the passage of time, the probable con- 
tribution of these factors to the development 
of progressive renal disease. To avoid these 
objections Shoemaker (18) devised the use 
of reversed seromuscular grafts of ileum 
to permit the urothelium from the pelvis of 
the kidney and from the bladder to re- 
generate along the serous lining of the graft. 
However, the withdrawal of the splintin from 
7 to 14 days did not allow sufficient time 
for the whole segment to be epithelized. 
It was then proposed to leave the splint 
in place for a month or so. A final report 
from this worker will be of interest. 
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Swenson, Fisher, and Cendron reported 
the use of narrowed ileal segments to re- 
place the ureter and to prevent vesico- 
ureteral reflux. This procedure proved to be 
successful in the few clinical cases reported. 
Although the prepared ileal segments pre- 
vented reflux, the objections of mucous 
secretion, absorption, and infection still 
persist. Long term observation will be 
required before this can be accepted as an 
established procedure. 

Leadbetter suggested the use of the blad- 
der mucosa grafts in constructed ileal ureters 
to speed epithelization of the segment. It 
was rationalized that if the bladder mucosa 
grafts would “take” and grow along the 
ileum, the ileal segment might uroepithelize 
in a relatively short time, and result in a 
muscular tube prepared to meet and adjust 
to the physiologic demands as a_sub- 
stitute ureter. With this proposition in mind, 
we have investigated the feasibility of trans- 
planting the vesical mucosa in the form of 
strips along denuded nonreversed_ sero- 
muscular ileal segments. 


METHODS AND MATERIALS 


To evaluate the feasibility of this, 12 
male and female mongrel dogs weighing 
10 to 16 kilograms were used. 

Preoperative preparation consisted of sul- 
fasuxidine for 5 days and the withholding 
of food for 12 hours prior to surgery. Anes- 
thesia consisted of veterinary solution of 
nembutal (36 mgm. per kgm. body weight) 
given intravenously. A liter of 5 per cent 
dextrose in water was given during the 
operative procedure. The dogs were kept 
on intravenous fluids the first day after 
operation and progressed from fluids by 
mouth to a regular diet. Penicillin was given 
intramuscularly for 4 days, gantrisin tablets 
for 14 days, and wydase (150 units) given 
subcutaneously for 4 days. 


PROCEDURE 


The dog was placed in a supine position 
and the abdomen prepared and draped. 
The abdomen was opened through a mid- 


(H) Mucosa to mucosa anastomosis 
of ureter and ileal segment. 


Position of 
Ist bladder strip. 


(1) Mucosa to mucosa anastomosis 
of bladder and opposite end 
of groft. 


(b) 
im 4---Tube exited through 
urethra in 


females. 


Fic. 1. H and I, Technique of ileal anastomosis to renal 
pelvis and bladder. 


line incision. Terminal ileum was brought 
through the wound and a segment 20 or 
35 centimeters (if bilateral substitution was 
to be done) was isolated between clamps. 
The length of this segment was varied 
according to the size of the dog and the 
corresponding distance between the kidney 
and the bladder. Careful attention was given 
to the blood supply of this segment so that 
1 or 2 of the main arcades of the superior 
mesenteric vessels maintained an abundant 
blood supply to this segment. Intestinal 
continuity was restored by end-to-end anas- 
tomosis with a continuous Connell stitching 
using No. 4-0 chromic catgut with an atrau- 
matic needle and reinforced with inter- 
rupted No. 4-0 silk sutures down to the 
vascular pedicle of the isolated loop. The 
wound and intestines were walled off, except 
for the isolated loop (Fig. 1A) which was 
brought through the wound, turned up- 
ward, and laid on saline packs. The isolated 
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Fic. 2. A, Gross appearance of a 4 week segment with 
bladder, kidney, mesenteric attachment, and small seg- 
ment of ileum. B, Opened segment (same preparation). 
Note position of the grafts and nongrafted areas which 
blend with each other. 


ileal loop was then opened longitudinally 
along its antimesenteric border (Fig. 1A). 
This permitted the segment to lie on the 
abdomen as a sheet of tissue with the 
mucosal surface exposed. Excessive blood 
loss was prevented during this part of the 
procedure by occluding the vascular pedicle 
with a serrefine clamp and releasing it at 30 
minute intervals to insure viability of the 
segment (in 5 instances, we have occluded 
the vascular pedicle for a full hour, and the 
ileal segment regained its normal color 
upon releasing the serrefine clamp). The 
mucous membrane was next stripped off 
bluntly in one of two ways, either mucosa 
alone or mucosa and submucosa (Fig. 1B). 
Peyer’s patches were scraped off with a knife 
blade. The denuded ileal segment was then 
narrowed on both sides decreasing its width 
to 114 centimeters (Fig. 1C). 

The urinary bladder was next exposed 
and was partially distended with sterile 
saline solution. A longitudinal incision was 
made in the anterior wall and the sub- 
mucosal surface made to bulge into the 
wound (Fig. 1D). An adequate amount of 
mucosa was then separated from the bladder 
wall by sharp and blunt dissection, and 
excised. A small mushroom catheter was 
placed in the bladder through a separate 
stab wound. The bladder was then closed 
in layers. The freed vesical mucosa was cut 
into strips 3 centimeters in length and 114 
centimeters in width (Fig. 1E) and trans- 
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planted to the denuded ileal segment. The 
strips were placed 1 centimeter apart and 
held by sutures of No. 5-0 chromic catgut 
at the corners (Fig. 1F). Then the ileal 
segment was fashioned into a tube and 
snugly sutured around a No. 8 polyethylene 
splint to maintain its diameter. The edges 
were sutured together with a continuous 
suture of No. 5-0 chromic catgut, which 
approximated the muscular and mucosal 
coats accurately (Fig. 1G). Occasional re- 
inforcing interrupted sutures of the same 
material were used. 

The dog’s own entire ureter from the 
ureteropelvic junction to the ureterovesical 
junction was excised. The constructed ileal 
segment was then brought to the proximal 
cut end of the ureter in an isoperistaltic 
manner, and with the splint already inserted 
into the pelvis of the kidney, a circular 
mucosa-to-mucosa anastomosis was accom- 
plished by using interrupted sutures of No. 
5-0 chromic catgut (Fig. 11). The distal 
end of the segment was implanted into the 
posterior wall of the bladder by excising 
a ring of muscularis corresponding to the 
diameter of the new ileal segment and 
anastomosing vesical graft mucosa to vesical 
mucosa (Fig. 1Ia). The ureteral splint was 
brought out through the urethra in females 
(Fig. 1Ib), and through a cystostomy tube 
in males. The posterior peritoneal edges 
were approximated, thus extraperitonealiz- 
ing the ileal segment except for the proximal 
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Fic. 3. A, Histologic appearance of a segment stripped of ileal mucosa after 1 week. Note the 
rather thick connective tissue layer below the epithelium. B, Magnified section showing (A) the edge 
of the bladder mucosa and (B) single cell layer regenerating over the denuded ileal surface. 


portion of the vascular pedicle whose edges 
were also sutured to the posterior peritoneum 
to prevent internal herniation. A Penrose 
drain was used retroperitoneally when neces- 
sary. The abdominal wound was closed in 
layers with No. 0 chromic catgut in con- 
tinuous and interrupted fashion, and the 
skin approximated with No. 00 silk. 


RESULTS AND OBSERVATIONS 


All animals appeared well after operation. 
Ureteral splints were removed in 2 weeks. 
Cystostomy wounds in male dogs healed in 
5 to 8 days after both cystostomy and 
ureteral tubes were removed. Five dogs with 
only the ileal mucosa stripped off were 
sacrificed at 1 week, 2 weeks, 4 weeks, 2 
months, and 7 months. Three dogs with 
the ileal mucosa and submucosa stripped 
off were sacrificed at 1 week, 4 weeks, and 
5 months. Gross appearance of these seg- 
ments and kidneys showed no abnormality; 
however, sectioning the kidney and pelvis 
revealed mild hydronephrosis in the 2 and 
4 week segments. This latter abnormality 
was no longer evident in the 2 and 7 month 
specimens. Luminal exposure of the seg- 
ments revealed smooth and glistening sur- 
faces in all specimens. The vesical mucosal 
patch grafts and the denuded spaces between 
them were distinctly evident at 1 and 2 
weeks, but hardly distinguishable at 4 
weeks (Fig. 2). Microscopic study showed 
that the vesical mucosal patch grafts were 
well fixed to the submucosal or the mus- 
cularis lining of the prepared ileal segment 


over a layer of well vascularized loose fibrous 
connective tissues. There was evidence of 
regeneration from the vesical mucosal patch 
grafts along the denuded intervals as an 
incomplete layer at 1 week (Fig. 3), com- 
pletely regenerated at 2 weeks (Fig. 4), and 
piling up to 3 or more cell layers at 4 weeks 
(Fig. 5). Transitional epithelial crypts were 
noted in some areas of the segments (Fig. 
6) and some cells presented mitotic figures. 
Sections of the vesicoileal and _pelvioileal 
junctions showed an uninterrupted lining 


Fic. 4. A, Histologic ap- 
pearance of a segment after 
2 weeks. A, Regenerated 
urothelium; B, well vascu- 
larized subepithelial layer 
and submucosa with gan- 
glion cells, C, circular mus- 
; 4 cle layer; D, longitudinal 
. muscle layer; E, serous 
layer. B, High power mag- 
nification of the same seg- 

ment, the surface of which 

shows regenerated urothelium. Note the double cell layer. 
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Fic. 5. Fic. 6. 


Fic. 5. Histologic appearance after 4 weeks. A, Regen- 
erated urothelium; B, well vascularized, loose, subepi- 
thelial layer and submucosa with ganglion cells; C, circu- 
lar muscle layer. 

Fic. 6. Histologic section through a segment after 5 
months prepared by stripping both mucosa and sub- 
mucosa. Arrows point to epithelial crypts. Note absence 
of ganglion cells in subepithelial layer. 


of uroepithelium, and presented no linear 
avascularity at the anastomosis. (Fig. 7). 
There was no evidence of ileal gland re- 
generation grossly and microscopically in 
these segments up to 7 months (Fig. 8). 
Delayed and postvoiding cystograms were 
obtained in 5 dogs and showed no evidence 
of reflux even when the bladder was well 
distended up to 140 cubic centimeters of 
radiopaque dye (Fig. 9A to E). Intravenous 
pyelograms in 5 dogs revealed good function 
and patency of the segments, with no pool- 
ing of dye in the segment. Hydronephrosis 
present at 2 to 5 weeks was no longer evident 


from 2 to 7 months after operation (Fig. 
10A and B). 

Cinefluoroscopic studies of the peristaltic 
activity of the ileal segments were obtained 
of 3 dogs. A retrograde study was done in a 
2 week segment; intravenous studies were 
obtained at 1, 2, 3, 6, and 7 months. In 
this study, 2 of the dogs had a unilateral 
substitution, and the third had a bilateral 
substitution. In the bilateral substitution, the 
right side was anastomosed in an anti- 
peristaltic manner and the left, isoperistal- 
tically. The retrograde study of a 2 week 
segment revealed peristaltic activity and no 
extravasation or leakage of dye from the 
segment (Fig. 10C). At 8 weeks, the earlier 
noted hydronephrosis had disappeared and 
the peristaltic activity was seen to be very 
active. In bilateral ureteral substitution, it 
was observed that the antiperistaltic segment 
showed peristaltic activity similar to that of 
the isoperistaltic segment. At 4 weeks after 
operation, the study showed that hydro- 
nephrosis was more prominent in the anti- 
peristaltic than the isoperistaltic segment, 
but at 8 weeks, this abnormality was no 
longer evident. A delayed cystogram study 
under cinefluoroscopy was also obtained 
with the bladder filled to capacity, or until 
the dye leaked around the catheter. There 
was no reflux shown in the unilateral and 
bilateral ureteral substituted segments. 

Cystoscopic studies of the bilateral and 
unilaterally substituted segments at 4 months 
after operation (female dogs) revealed nor- 
mal bladder mucosa with no evidence of 
linear scar at the site where the free mucosal 
grafts were obtained. The new ureteral 
orifices were clearly distinguishable as small 
dark rounded openings situated about 2 
centimeters above the original ureteral 
orifices and spurted clear urine. Intravenous 
injection of 5 cubic centimeters of indigo 
carmine dye showed itself in these new 
orifices in 3 to 6 minutes bilaterally. 

In all dogs, urine specimens were grossly 
blood tinged and cloudy at 1 to 4 weeks. 
At 5 weeks after operation and thereafter, 
the specimens were grossly and micro- 
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Fic. 7. Photomicrographs of sections through the, A, pelvioileal and, B, vesicoileal junctions 
showing uninterrupted urothelial lining. Arrows point to the junction between pelvis (A) and ileal 
segment (B), between bladder (C) and ileal segment (D). } 


scopically clear and free of mucous material. 
In 5 dogs, smear and culture of urine ob- 
tained at 6 weeks and 5 months showed few 
coliform organisms. 

Electrolyte studies in 5 dogs obtained at 
the second and fourth week after operation 
revealed an elevated nonprotein nitrogen 
ranging between 40 to 56 milligrams with 
an average of 45 milligrams. At the sixth 
and sixteenth week, this receded to normal 
levels ranging between 18 to 34 milligrams 
with an average of 24 milligrams. Sodium, 
potassium, chloride, and carbon dioxide 
levels in the blood remained within normal 
limits. 


DISCUSSION 


The intact ileal segment appears to be the 
most feasible ureteral substitute; however, 
persistent infection, absorption of urinary 
electrolytes, mucous secretion, reflux, and 
stasis of urine, preclude completely satis- 
factory results. A practical method of 


ureteral substitution using uroepithelial 
patch grafts in narrowed nonreversed sero- 
muscular ileal segments has been described. 

The remarkable proliferative capacity of 
transitional cell epithelium was observed 
by McMinn and Johnson. They proved 
experimentally that when transitional cell 
epithelium was transplanted to a new site 
(rectus sheath), it showed itself capable of 
rapid growth by mitosis within the first 
few days. Another striking feature during 
this reparative process was the occurrence of 
epithelial downgrowths or crypts. It was 
speculated that this might be due to an 
early stimulus at some points along the 
connective tissue layer laid down prior to 
the fixing of the epithelial layer to the under- 
lying structure, which then contracted and 
produced crypts. These authors also showed 
that when ulcers measuring 1 square centi- 
meter in size were produced artificially in 
the urinary bladders of cats, epithelization 
occurred in a single or double layer from 


s ge 


w Wh 


ter A B | 
ro- 
nt, 
no 
dy 
ed 
itil 
nd 
nd 
hs 
r= 
of 
al 
al 
ll 
al 
AS 
30 
Ww 
ly 2 
S. 
_| 


Fic. 8. A, Unopened and opened gross specimen after 7 months. Note smooth, glistening layer of 
mucosa. B, Photomicrograph (low and high power) of the same specimen showing wall of “ureter” 
and its urothelial lining. 


the ulcer margin, and healing of the ulcer A comparison of histologic sections of 
was complete by the end of the second week. — normal human ileum and that of the dog 
Vesical mucosal patch grafts in our in- (Fig. 11) revealed a similarity in structure; 


vestigation behaved in a similar manner. however, the muscularis mucosa of the 
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Fic. 9. A, Dog 1. Bilateral ureteral substitution. De- 
layed cystogram after 6 weeks (anteroposterior view), 
after 6 months (lateral view). B, Dog 2. Left ureteral 
substitution. Delayed cystogram and voiding cystogram 
after 5 weeks. Voiding cystogram after 7 months. C, Dog 3. 


former appeared to be better developed and 
its circular layer thinner than the latter. 
The muscularis mucosa lies between the 
mucosa and submucosa, and is the cleavage 
layer that is partly or wholly stripped off 
with the mucosa. It was observed that ileal 
segments with mucosa alone stripped off 
(Fig. 12), rather than mucosa and _ sub- 
mucosa (Fig. 13), seemed to be the healthier 
and easier to handle. The ileal segment 
with both mucosa and submucosa removed 
appeared thin, difficult to handle, and small 
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Fic. 10. 


Left ureteral substitution. Cystogram after 2 months. 
D, Dog 4. Right ureteral substitution. Cystogram after 4 
months. E, Dog 5. Left ureteral substitution. Cystogram 
after 6 months. No reflux demonstrated in any post- 
operative cystogram. 

Fic. 10. A, Dog 2. Left ureteral substitution. Intra- 
venous pyelograms after 5 weeks, 8 weeks, and 7 months. 
B, Dog 1. Bilateral substitution. Intravenous pyelograms 
after 4 weeks and 6 months. Right antiperistaltic seg- 
ment, left isoperistaltic. C, Retrograde pyelogram ob- 
tained at 2 weeks as catheter splint was withdrawn. No 
leakage of dye about segment. 


hematomas often formed along its mesenteric 
border during its preparation, but these 
hematomas were reabsorbed during the first 
week after operation. It must be emphasized 
that the cleavage between the mucosa and 
submucosa be obtained first before a good 
stripping can be done bluntly. If for any 
reason, during the clinical application, the 
ileal mucosa cannot be stripped off from 
the submucosa as a result of a chronic in- 
flammatory, or degenerative disease of the 
small bowel, then both mucosa and sub- 
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mucosa may be removed. It would be 
practical to try stripping of the ileal mucosa 
or submucosa first on an inch long segment 
obtained from the isolated ileal loop. How- 
ever, if the mucosa and submucosa are so 
adherent to the muscular wall as to make 
the stripping difficult, other means of uri- 
nary diversion using the isolated ileal loop 
will have to be performed. In our experi- 


Fic. 11. Photomicrographs showing cross section of 
human ileum, A, and dog ileum, B. Arrow points to the 
muscularis mucosa which can be seen to be better devel- 
oped in the human. Note that the circular muscle layer, 
C, is thicker in the dog than in the human. 

Fic. 12. Ileal segment of dog stripped of mucosa. 

Fic. 13. Ileal segment of dog stripped of mucosa and 
submucosa. 


mental study, there has been no ileal gland 
regeneration. 

Wound contamination during stripping 
of the ileal mucosa can be lessened if pre- 
operative intestinal antiseptics are adminis- 
tered. For clinical purposes, the isolated 
loop may be flooded with 1 per cent solution 
of neomycin while the intestinal continuity 
is being restored. According to the work of 
Poth on intestinal antisepsis, no growth of 
microorganisms was obtained when _ the 
bowel was flooded with 1 per cent of neo- 
mycin for an hour. At the completion of 
the ileal mucosal stripping, the segment 
may be washed again with a 1 per cent 
solution of neomycin. 

This combination of uroepithelial patch 
grafts and narrowed nonreversed seromus- 
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cular ileal segment presents the following 
advantages: (1) The sources of both tissues 
are adequately abundant. (2) The ileal 
seromuscular segment still retains its vas- 
cularity and peristalsis. (3) The ileal seg- 
ment is stripped of its mucosa with or with- 
out submucosa, which is soon replaced by a 
nonabsorbing and nonsecretory uroepithelial 
lining. (4) The nonreversed ileal segment is 
easily fashioned into a tube around a 
polyethylene tube, following its normal 
anatomic arrangement. (5) The ileal seg- 
ment is lined with urothelium quickly, 
facilitating the withdrawal of the splint as 
early as 2 weeks. This reduces the trauma 
to the segment and the kidney as well. 
(6) Stasis of urine is avoided, and reflux 
discouraged, by narrowing the width of the 
ileal segment. 


SUMMARY 


1. The requirements of an ideal ureteral 
substitute have been discussed and essentially 
are as follows: active peristalsis; absence of 
reflux; absence of electrolyte absorption 
or mucous secretion; freedom from urinary 
infection; freedom from stasis of urine. 

2. A new technique has been proposed to 
satisfy these requirements, utilizing a com- 
bination of narrowed nonreversed sero- 
muscular ileal segments with vesical mucosal 
patch grafts. 

3. The experimental results cited from 
use of this method indicate that this tech- 
nique may provide the ideal ureteral sub- 
stitute according to the criteria that have 
been outlined. 
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TUMORS OF THE INTRAORAL ACCESSORY 


SALIVARY GLANDS 


FRANK VELLIOS, M.D., and WILLIAM G. SHAFER, D.D.S., Indianapolis, Indiana 


EPITHELIAL NEOPLASMS Of the oral cavity 
arise not only in the squamous epithelium 
but also in the associated accessory salivary 
glands. ‘These latter tumors differ from the 
neoplasms derived from the squamous epi- 
thelium both in their morphologic aspects 
and in their biologic potentialities. There- 
fore, separation of this group of neoplasms 
from others arising in the oral cavity is 
important. 

Although the incidence, morphology, and 
clinical course of tumors of the major 
salivary glands have been the subject of a 
number of excellent studies, similar neo- 
plasms of the accessory salivary gland tissue 
have received much less attention. This 
accessory salivary gland tissue is not an 
infrequent site of neoplasms and, in a pre- 
vious study, accounted for 17 per cent of 
all the salivary gland tumors (8). 

These tumors in the oral cavity are sim- 
ilar to their counterparts in the major 
salivary glands, but they vary in some re- 
spects, histologically, from the types of 
tumors that we have observed in the major 
glands. However, because of location, the 
patients bearing such tumors generally seek 
therapy before they reach the large size so 
often seen in tumors of the major salivary 
glands (Figs. 1 and 2), especially those in 
the parotid. Surgical extirpation of the 
tumors of the oral cavity may often be 
accomplished without fear of damage to 
an important structure, such as the facial 
nerve when such tumors occur in the parotid 
gland. Recognition of the type of neoplasm 
encountered with a planned therapeutic 
approach should enhance the surgical re- 
sults in these cases. 


From the Department of Pathology, Indiana University School 
of Medicine, and Department of Oral Pathology, School of Den- 
tistry, Indianapolis, Indiana. 


450 


METHOD OF STUDY 


The 54 tumors included in this study 
were obtained from the files of the Depart- 
ment of Clinical Pathology, Indiana Uni- 
versity School of Medicine, and the Depart- 
ment of Oral Pathology, Indiana University 
School of Dentistry. Twenty-two of the 
tumors were included in the previous report 
(8). To our knowledge, this is the largest 
collection of accessory salivary gland tumors 
reported. We believe the distribution, type, 
and variations in this series are representa- 
tive of most of the types of salivary gland 
tumors of the oral cavity. 

The tumors were classified on the basis 
of their histologic appearance and clinical 
course, when known. Hematoxylin and 
eosin stained sections were examined rou- 
tinely, but other stains were employed when 
indicated. 


TYPES OF TUMORS 


The classification of tumors of the salivary 
glands and their characteristics were sum- 
marized in the previous report (8). Certain 
variations in the histologic appearance of 
these tumors when they occur in the oral 
cavity will be mentioned. Four papillary 
tumors were encountered in the oral cavity 
and have not been seen by us in the major 
salivary glands, although they have been 
recorded by others. These will be described 
in more detail. 

There were 54 tumors in this series, 25 
benign, 27 malignant, and 2 unclassified 
(Table I). Twenty-one (84 per cent) of the 
25 benign tumors were characteristic pleo- 
morphic adenomas (mixed tumors) and 
another tumor was similar, but, because it 
was composed only of spindle-shaped cells, 
was Classified as a myoepithelioma. The 
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Fic. 1. Pleomorphic adenoma (mixed tumor) of the 
palate. 


other 3 benign tumors were papillary. The 
27 malignant tumors included 15 mucoepi- 
dermoid carcinomas (56 per cent), 8 cyl- 
indromatous adenocarcinomas (30 per cent), 
2 mucous cell adenocarcinomas, and 1 each 
of papillary cystadenocarcinoma and poorly 
differentiated adenocarcinoma. 

Pleomorphic adenoma or mixed tumor (ade- 
noma, chondroma, myxoma, myxochondroma). 
‘This type of neoplasm was characteristically 
encapsulated, although bosselations were 
frequent. The histologic appearance of these 
tumors is well known and includes tubes 
or ducts lined by small, uniform, cuboidal 
cells. These ducts usually contain eosin- 
ophilic coagulum. They are frequently sur- 
rounded by small sheets of similar cells 
which, at the periphery, trail off into the 
stroma. The stroma is often myxomatous or 
cartilage-like in tumors of the major salivary 
glands, but, in the examples encountered 
in the oral cavity in this series, more fre- 
quently is composed of hyalinized connec- 
tive tissue (Fig. 3). This variation in struc- 
ture may well be a reflection of the smaller 
size of the mixed tumors of the oral cavity 
at the time of their removal. 

In 1 instance, a tumor was composed 
wholly of spindle-shaped cells of the type 
referred to as myoepithelioma (Fig. 4). This 
lesion occurred in the upper lip of a 28 
year old man. One other tumor was com- 


Fic. 2. Model of the roof of the mouth illustrating the 
gross appearance of cylindromatous adenocarcinoma. 


posed mostly of such cells, but other features 
of benign mixed tumor were also present. 

Three pleomorphic adenomas, 2 arising 
in the hard palate and 1 arising in the upper 
lip, contained foci of oxyphil cells (Fig. 5). 
No example of pure oxyphil cell adenoma 
(onkocytoma) was encountered. 

Foci of mature fat cells were included in 1 
of the mixed tumors of the palate. Some of 
these foci of fat cells were seen deep within 


TABLE I.—TYPES OF TUMORS AND SEX DISTRI- 


BUTION 
Males Females No. Per cent 
Benign 
Pleomorphic adenoma 4 17 21 38 
Myoepithelioma. . 1 0 1 2 
Intraductal papilloma 1 0 1 2 
Papillary cystadenoma 1 1 2 4 
Total.... 7 18 25 46 
Malignant 
Mucoepidermoid carcinoma 15 28 
High grade... . ca) 3 
Cylindromatous 
adenocarcinoma. ..... 5 3 8 14 
Papillary 
cystadenocarcinoma... 1 0 1 2 
Mucous cell adenocarcinoma 1 1 2 4 
Poorly differentiated 
adenocarcinoma...... 1 0 1 2 
13 27 50 
Unclassified. . . . re 0 a 2 4 
Grand total 
Number....... reer | 33 54 
ee 39 61 100 
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Fic. 3. Pleomorphic adenoma showing areas of hya- 
linized stroma. Hematoxylin and eosin, low magnifi- 
cation. 


the encapsulated tumor. Whether this fat is 
included fat from the adjacent stroma or 
neoplastic fat is open to conjecture. 

Other histologic variations were also 
present. Three of the tumors contained 
papillary formations. Foci of mucin-secreting 
cells, usually arranged in tubes, were seen 
in 3 tumors. Islands of squamous epithelium 
with keratin pearl formation were seen in 2 
cases. Five of the tumors contained large 
cystic spaces. One tumor, which occurred 
in the soft palate, contained several se- 
baceous glands, a structure not ordinarily 
found in the soft palate. 

Benign papillary tumors. Three tumors fall 
into this category, although they differ 
from each other. The first, an intraductal 
papilloma, occurred in the buccal mucous 
membrane. The tumor was a small nodule 
which involved the orifice of an accessory 
salivary gland duct. The epithelium was of 
transitional and stratified squamous types 
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Fic. 4. Photomicrograph showing myoepithelial cells 
in a tumor of the lip. Hematoxylin and eosin, mod- 
erate magnification. 


(Fig. 6). A similar case was recorded by 
Castigliano and Gold. 

A second papillary lesion, which occurred 
in the palate, was illustrated and described 
in the previous communication (8) as intra- 
ductal papilloma or papillary cystadenoma. 
This lesion resembled the intraductal papil- 
lomas of the breast, the papillary projections 
being lined by cuboidal and low columnar 
epithelium. Ramifications of the lesion ap- 
parently extended into the branches of the 
duct system. Follow-up information is not 
available in this case. 

The third papillary lesion occurred in 
the palate and was similar histologically to 
papillary cystadenoma lymphomatosum 
(Warthin’s tumor) except for the absence 
of the lymphoid element (Fig. 7). 

Papillary cystadenocarcinoma. The 1 malig- 
nant papillary tumor also occurred in the 
palate, the same site as the 2 papillary 
cystadenomas. The tumor was similar his- 
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Fic. 5. Focus of oxyphil cells in a pleomorphic 
adenoma. Hematoxylin and eosin, high magnification. 


tologically to the benign ones except for 
evidences of malignancy such as “‘party 
walls,”’ anaplasia, and invasion of adjacent 
stroma (Fig. 8). Large amounts of mucin 
were also present. Similar lesions have been 
described by others. 

Mucoepidermoid carcinoma. This type of 
tumor was second in frequency of occur- 
rence only to the pleomorphic adenoma, the 
15 cases accounting for 28 per cent of all 
the tumors and 59 per cent of the carci- 
nomas. The tumor did not differ in his- 
tologic appearance from those occurring in 
the major salivary glands. Considerable 
variation was found in the microscopic 
pattern, but this has been adequately de- 
scribed by Stewart, Foote, and Becker. The 
majority of the tumors (eleven) were of the 
low grade variety. In several instances, 
these tumors were diagnosed clinically as 
salivary gland retention cysts or mucoceles. 

Cylindromatous adenocarcinoma. Cylindro- 
matous adenocarcinoma was the second 
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Fic. 6. Intraductal papilloma. Hematoxylin and eosin, 
scanning lens. 


most frequent malignant tumor in the series, 
the 8 cases comprising 30 per cent of the 
malignant tumors and 15 per cent of all 
the tumors. The majority of these were 
easily recognizable histologically, resem- 
bling those described by Quattlebaum and 
associates in the major salivary glands. One 
instance of this type of tumor was poorly 
differentiated and confused with a form 
of mixed tumor until the case was re- 
evaluated after metastases were discovered 
in the lungs. This case again emphasizes 
the confusion that has occurred in the past 
because the nature of some cylindromatous 
adenocarcinomas was not understood. 
Other adenocarcinomas. Three other adeno- 
carcinomas were included in this group. 
Two of these were composed of large, 
mucus-filled cells sometimes forming tubes 
or ducts and sometimes arranged in sheets. 
These we have designated mucous cell 
adenocarcinoma (Fig. 9). The third carci- 
noma in this group histologically was com- 
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Fic. 7. Papillary cystadenoma of the palate. The 
tall columnar, eosinophilic epithelial cells are similar 
to those of papillary cystadenoma lymphomatosum. 
Hematoxylin and eosin, high magnification. 


posed of sheets of anaplastic cells some of 
which had vacuoles in the cytoplasm. With 
the mucicarmine stain, the vacuoles were 
carminophilic. ‘This latter lesion is probably 
a poorly differentiated form of the mucous 
cell adenocarcinoma.: 


LOCATION OF TUMORS 


The sites of distribution of the salivary 
gland tumors in this series include the 
palate, upper lip, buccal mucosa, retro- 
molar area, and floor of mouth. No lesions 
in this series occurred in the tongue, lower 
lip, or gingivae. The gingivae contain no 
salivary glands normally so that no tumors 
would be anticipated arising in this region. 

The palatal lesions accounted for 59 per 
cent of all the tumors in this series. ‘This ob- 
servation is consistent with those of others 
concerning the frequency of involvement of 
this structure. Over one-half of the tumors 


in which the exact site in the palate was 
designated occurred in the hard palate. Ac- 
cording to Orban, the glands of the palate 
are of the mucous variety. About 250 sepa- 
rate glandular aggregates occur in the hard 
palate, 150 in the soft palate, and 12 in the 
uvula. It is interesting to note that no tumor 
in our series appeared to arise primarily 
from the uvula. One-half of the tumors oc- 
curring in the palate were benign. Fourteen 
of the 21 pleomorphic adenomas occurred 
in the palate. In 2 instances, the mucosa 
over the surface of a pleomorphic adenoma 
was ulcerated. Seven of the 15 mucoepider- 
moid carcinomas and 5 of the 8 cylindro- 
matous adenocarcinomas occurred in the 
palate. 

Only 6 tumors (11 per cent) were found 
in the lips, all of these involving the upper 
lip, and all except 1 being benign. This is in 
agreement with the findings of Bernier who 
reported that over 90 per cent of a series of 
38 salivary gland tumors of the lips occurred 
in the upper lip. In contrast, the overwhelm- 
ing majority of the retention cysts of the 
lips occur in the lower lip, further evidence 
that trauma plays little or no role in the 
induction of these tumors. However, it is 
interesting to note that in 2 cases tumors of 
the palate, one a papillary cystadenocar- 
cinoma and the other a pleomorphic ade- 
noma, developed subsequent to penetrating 
trauma, by a pencil and by a clothes pin ac- 
cording to the patients’ histories. 

The buccal mucosa, despite the rather 
numerous accessory salivary glands, is not 
frequently the site of salivary gland tumors. 
In this series, 5 tumors (9 per cent) arose in 
the buccal mucosa. Four of these were 
benign, and 1 was malignant. 

It was of interest to note that 8 tumors, 15 
per cent of the total, occurred in a relatively 
restricted zone designated as the retromolar 
area. This is the area distal to the mandibu- 
lar third molar overlying the anterior bor- 
der of the ascending ramus of the mandible. 
The salivary glands here are of the mucous 
variety, similar to those of the lip and pal- 
ate. Interestingly, every tumor encountered 


< 
“3 
1. 
4 4 
x 
ae 
i 
i 4 
4 
( 
j 
ay 


Fic. 8. Papillary cystadenocarcinoma of the palate. 
Hematoxylin and eosin, high magnification. 


in the retromolar area in this series was a 
malignant one: 7 cases of mucoepidermoid 
carcinoma and 1 of cylindromatous adeno- 
carcinoma. 

The floor of the mouth was the site of 2 
tumors, or 4 per cent of the total. These 
probably arose from the minor sublingual 
glands, and it is debatable whether these 
should be included in a strict study of intra- 
oral neoplasms. 


AGE OF PATIENT AND DURATION OF TUMOR 


The median age of all patients in this 
study at the time of discovery of the lesion 
was 45 years with a range of 17 to 90 years 
in the 48 patients on whom data are avail- 
able. The median age for women was 45 
years and for men 44 years. The median age 
for patients with benign lesions was 45 years 
and for patients with malignant lesions 47 
years. Ten of the 22 benign tumors with 
available data occurred in patients younger 
than 40 years. It is our belief that our data 


Fic. 9. Mucous cell adenocarcinoma. Hematoxylin 
and eosin, high magnification. 


concerning age of onset are not reliable, but 
a similar trend for benign tumors to occur in 
patients a few years younger than patients 
with malignant tumors has been commented 
upon by Foote and Frazell. 

Similarly, data concerning the average 
known duration of the tumors before ther- 
apy are unreliable. The recorded average 
duration of 13 benign tumors in this series 
was about 4 years, and for 14 malignant 
tumors only 21% years. 


SEX AND RACE OF PATIENT 


The tumors were more common in wom- 
en, 34 of the 54 cases occurring in female 
patients. The sex preponderance holds only 
for the benign tumors, 18 of the 25 benign 
tumors occurring in female patients. Inas- 
much as too few tumors existed in most 
groups, it was impossible to determine 
whether any sex predilection occurs for any 
certain tumor type except the pleomorphic 
adenoma. Only 4 of these latter tumors (19 
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per cent) occurred in males; 17 (81 per cent) 
occurred in females. There were 27 malig- 
nant tumors in the present series, 14 occur- 
ring in men and 13 in women. 

The race of the patient was stated in only 
28 of the cases. Twenty-five patients were 
listed as Caucasians and 3, Negroes. ‘Two of 
the Negro patients had mucoepidermoid 
carcinomas. Smith and his associates report- 
ed all 6 of the tumors of accessory salivary 
glands occurring in Negroes in their pa- 
tients were of the mucoepidermoid type. 


RECURRENCE OF TUMORS 


In many instances, follow-up information 
on the patients in this series is not available. 
The tumor is known to have recurred in 11 
of the 54 cases. Four of the cases with recur- 
rent tumor were in patients with pleo- 
morphic adenomas, a recurrence rate of 19 
per cent. 

Three patients with cylindromatous ade- 
nocarcinoma, 3 with mucoepidermoid car- 
cinoma, and 1 with papillary cystadeno- 
carcinoma have had recurrences. Three 
patients are known to have died with their 
disease, 8 years, 5 years, and 21% years after 
the discovery of their lesion. 


SUMMARY 


A series of 54 tumors arising from acces- 
sory salivary gland tissue of the oral cavity 
has been reviewed. Twenty-five of the 
tumors were benign,:27 malignant, and 2 
unclassified. 

The most common tumor in this series 
was the pleomorphic adenoma (mixed 
tumor) with 21 cases, followed by muco- 
epidermoid carcinoma with 15 cases, and 
cylindromatous adenocarcinoma with 8 
cases. 

Four interesting papillary lesions are de- 
scribed. One of these was an intraductal 
papilloma lined by squamous and transi- 
tional epithelium. A second was a papillary 
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cystadenoma resembling the similar tumor 
found in the ducts of the breast, and a third 
tumor resembled papillary cystadenoma 
lymphomatosum (Warthin’s tumor) except 
for the absence of lymphoid tissue. The 
fourth papillary neoplasm was found to be 
a carcinoma. 

Thirty-two of the 54 neoplasms occurred 
in the palate. These included 14 pleo- 
morphic adenomas, 7 mucoepidermoid car- 
cinomas, 5 cylindromatous adenocarci- 
nomas, and 3 of the papillary tumors. 

The retromolar area was a relatively fre- 
quentsite for accessory salivary gland tumors. 
The 8 tumors arising in this site in this series 
were all malignant: 7 mucoepidermoid car- 
cinomas and 1 cylindromatous adenocar- 
cinoma. 

There was a preponderance of women 
with pleomorphic adenomas (mixed tumors) 
in this series: 17 females to 4 males. No sex 
predilection for the other tumors of this 
series was detected. 

Follow-up information on patients in this 
series was limited. Eleven of the 54 patients 
are known to have had recurrences follow- 
ing excision. Four of these were in patients 
with pleomorphic adenoma. 
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CYSTIC HYGROMA 


FREDERICK W. FULLER, M.D., and HERBERT CONWAY, M.D., F.A.C.S., 


New York, New York 


CysTIG HYGROMA is a multiloculated, fluid 
filled lesion, derived from lymphatics, oc- 
curring most often in infancy and located 
most commonly in the neck and axilla. It 
occurs infrequently, there having been only 
155 cases collected from the world literature 
by Vaughn up to 1934. In 1953 Gross (4) 
reported 112 cases of his own—by far the 
largest single series. Goetsch, in a masterly 
clinical and pathologic study in 1938, gave 
the most lucid description of this lesion. 
Grossly, the locules are of varying sizes, and 
their walls may be thin and delicate or thick 
and fibrotic depending upon the age and 
previous activity. They contain serous fluid 
and are associated with groups of hyper- 
plastic lymph nodes. Their lining is glisten- 
ing and pearly white, resembling pleura. 
Frequent trabeculae and cords, some con- 
taining hyalinized vessels, traverse the cyst 
cavities; and there is atrophy of the attached 
muscles and other structures. Microscopi- 
cally, a lining of flattened endothelial cells is 
supported by a delicate areolar connective 
tissue containing lymphoid masses. By filling 
the surgically removed cyst with formalin 
fixative, Goetsch was able to demonstrate 
the previously invisible peripheral structures 
responsible for its proliferation. Endothelial 
sprouts were seen to arise from the cyst lin- 
ing, insinuate themselves among surround- 
ing nerves, muscles, and blood vessels, and, 
by a process of circumscription, to isolate 
and encyst these structures. He demon- 
strated all stages of their death and solu- 
tion. 

Sabin’s embryologic studies had _ previ- 
ously indicated the origin of cystic hygroma. 
By her view the lymphatic system arises 


From the Department of Surgery (Plastic) of The New York 
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from the jugular veins by the formation and 
cutting-off of capillary plexuses. The result- 
ing isolated endothelial-lined spaces con- 
stitute the anlage of the lymphatic system. 
They then dilate and coalesce to form the 
symmetric jugular sacs. The thoracic duct 
then connects to the left jugular sac and 
forms a new opening into the venous system 
at the jugular valve. A similar process occurs 
on the right side. The peripheral lymphatics 
are then formed when endothelial sprouts 
from the lining of the jugular sacs penetrate 
the surrounding tissues and spread out to all 
parts of the body. When, by accident or 
fibrosis, portions of the jugular sac fail to 
regain communication with the venous sys- 
tem, a sequestration of tissue with the 
powers of endothelial sprouting, penetration, 
and secretion occurs and presages the forma- 
tion of a cystic hygroma. 

The term cystic hygroma comes to us 
through long clinical usage and does not 
have a precise anatomic or histologic defini- 
tion. All hygromas are, histologically speak- 
ing, cystic lymphangiomas; but the converse 
is not necessarily so, since certain cystic 
lymphangiomas of the lower extremities 
and elsewhere, far-removed from the deep 
systemic lymphatic trunks, are not properly 
called hygromas. By historical usage, only 
those lesions of the neck, mediastinum, 
retroperitoneal space, and groin contiguous 
to the large lymphatics fulfill the definition. 
Those of the axilla, shoulder, pectoral re- 
gion, cheek, and posterior chest wall also 
qualify since they arise by direct extension 
from the neck. The general classification of 
the lymphangiomas into simple, cavernous, 
and cystic forms is itself unsatisfactory since 
2 or even 3 of these histologic types may 
appear in different parts of the same lesion. 
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Fic. 1. Preoperative photographs of a 5 year old girl 
with a cervical cystic hygroma. 


Likewise, an otherwise typical cystic hy- 
groma may contain some areas whose micro- 
scopic appearance is that of a hemangioma. 


CLINICAL FEATURES 


The typical clinical features are embodied 
by an infant presenting a slowly growing 
asymptomatic mass in the posterior triangle 
of the neck. More rarely it is located in the 
axilla. It is soft and lobulated, with in- 
distinct borders and no attachment to the 
thinned overlying skin. It transilluminates 
and may increase markedly in size when 
the child coughs or cries. There may be 
pain, hyperesthesia, or paralysis secondary 
to brachial plexus involvement. Distortion 
of the floor of the mouth or the lateral wall 
of the pharynx by large or high lying lesions 
is occasionally seen. .An infrequent though 
striking combination is that of a large cervi- 
cal hygroma with pronounced macroglossia. 
The resulting bluish discoloration of the 
base of the tongue and the floor of the 
mouth suggests the coexistence of an intra- 
oral hemangioma with the hygroma. Sec- 
tion of the lesion of the tongue, however, 
usually reveals that it is lymphangiomatous 
and communicates directly with the hy- 
groma. 

Hygromas are more prevalent in females, 
and the majority appear before the age of 2 
years. However, Ward and associates report 
their occurrence in middle age and even in 
elderly people. The right and left sides of the 
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neck are involved with equal frequency, and 
the anterior, posterior, or submandibular 
triangles or the entire cervicomediastinal 
region of one side may be involved. Rarely, 
the growths may be limited to the retro- 
peritoneal space or mediastinum. 

The size of the tumor at the time of dis- 
covery varies widely. Some are so large at 
birth as to cause dystocia and necessitate 
cesarean section. As a rule, however, they 
are initially of small size and grow slowly. 
Marked variation in the rate of growth may 
occur, and very sudden enlargement within 
a period of a few weeks may produce serious 
respiratory and feeding difficulties requiring 
emergency treatment. Gross (4) noted a 
relationship between the presence of respira- 
tory infection and the sudden enlargement 
of some hygromas. Spontaneous remission 
and occasional complete disappearance can 
occur. 

Many reports have demonstrated the high 
cure rate and low mortality attending sur- 
gical removal of cystic hygromas. Conway 
advised complete surgical removal in an 
earlier report from this hospital. Expectant 
treatment, once strongly recommended, is 
now known to be ineffective because of the 
low remission rate. The use of radium and 
roentgen rays lost favor because of a high 
resultant mortality from infection reported 
in the early literature. Most hygromas are 
radioresistant. However, a cure following 
x-ray treatment alone was reported by 
Pfahler and Perlman. Simple aspiration is 
ineffective except in cases of respiratory 
distress requiring rapid decompression of the 
cysts. Incision and drainage, even of an 
infected hygroma, may complicate later 
attempts at surgical removal, since sinus 
formation and spread of the infection may 
result. Ward and associates have advised 
preoperative aspiration of the cysts and in- 
jection of sclerosing agents as a means of 
making easier the tedious surgical dissec- 
tion. Gross and Hurwitt (5) have dealt with 
difficult cervicomediastinal hygromas by 
removing all possible tumor tissue through a 
cervical incision. Those mediastinal com- 
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yonents which are visible but not removable 
through such an incision are then incised 
and drained and the linings cauterized with 
iodine. The resulting clinical cures, in the 
face of residual tumor tissue, attest to the 
benign nature of hygroma. 


MATERIAL 


This is a report of The New York Hospital 
experiences with 25 cystic hygromas from 
1932 through March 1958. Sixteen of these 
(64 per cent) were in female patients and 9 
(36 per cent) were in males. Eleven (44 per 
cent) were discovered at birth and an addi- 
tional 4 (16 per cent) were discovered up to 
the age of 5 years. Four (16 per cent) more 
were discovered prior to the age of 20 years, 
and, in contradistinction to most other series, 
the high figure of 6 (24 per cent) had onset 
beyond the age of 20, including 1 retro- 
peritoneal hygroma found incidentally at 
the time of elective cholecystectomy in a 
white female, aged 69. The anatomic distri- 
bution of these lesions follows: Sixteen (64 
per cent) were located in the cervical region 
(neck, unilateral 14 and bilateral 1; cervico- 
mediastinal 1) and were equally divided 
between the right and left sides. Four (16 
per cent) were in the axilla. Five (20 per 
cent) involved neither of these regions, 1 of 
which was confined to the mediastinum, 1 
to the cheek, 1 to the posterior chest wall, 
1 to the shoulder (deltoid region), and 
another to the retroperitoneal space. Of the 
16 cervical hygromas 8 involved the posterior 
cervical triangle, 3 involved the anterior 
triangle, and 5 involved both the anterior 
and posterior triangles. Tumor involving 
the floor of the mouth or lateral wall of the 
pharynx was visible in 4 cases (16 per cent). 

At the time of admission the chief com- 
plaint centered upon the cosmetic effect of 
the mass in 20 cases (80 per cent). Four 
other patients (16 per cent) had severe 
dysphagia and respiratory distress. In the 
remaining case, previously cited, hygroma 
was an incidental finding at laparotomy for 
another disease. In 3 of the 25 cases an upper 
respiratory infection preceded a sudden en- 


Fic. 2. Axillary cystic hygroma in a female, aged 4 
months. 


largement of the mass and an exacerbation 
of symptoms. In 2 others (8 per cent) there 
was a history compatible with infection of the 
mass itself at one time or another. 


TREATMENT AND RESULTS 


Surgical removal was the primary treat- 
ment. Twenty-four patients (96 per cent) 
underwent excision, in 16 of which no other 
measures were used. The remaining 8 sur- 
gically treated required, in addition, irradi- 
ation (3 cases), emergency tracheostomy 
(3 cases), and emergency. aspiration of the 
cyst to relieve respiratory distress (2 cases). 
In 3 cases a planned second stage excision 
was carried out because of failure to remove 
all tumor at a single operation. A fourth 
patient awaits second stage operation at 
this time. The sole instance of multiple ex- 
cisions for recurrence was that of a 22 year 
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Fic. 3. Depressed cervical scar following the spon- 
taneous disappearance of a probable cystic hygroma. 
This 5 year old female had previously been admitted to 
The New York Hospital at the age of 4 months with a 
large soft tissue mass, present from birth, filling the side 
of the neck. It disappeared without treatment over the 
ensuing 4 months. 


old white male who had a total of 5 opera- 
tions, with interspersed x-ray treatments, 
during the period from 1941 to 1950, fol- 
lowed by an apparent cure 3 years later. 
As sole methods of treatment, aspiration, 
irradiation, or incision and drainage were 
not used. In no case were sclerosing solu- 
tions used. There was 1 well documented 
case of disappearance of a cystic hygroma 
without treatment (Fig. 3). 

Eighteen of the 24 surgically treated pa- 
tients have been observed for 1 year or 
longer following operation (Table I). The 
average observation period was 6.2 years. 
Of these 18 patients, 15 (83.3 per cent) gave 
no evidence of recurrence. Two others (11.1 
per cent) were finally cured after long and 
complicated treatment for single or repeated 
recurrences. Postoperative reaccumulation 


TABLE I.—RESULTS IN 24 SURGICALLY TREATED 
PATIENTS WITH CYSTIC HYGROMA 


Per cent of 
No. determinate 


Result of cases cases (/%) 
Cure (followed 1 year or more) ....... ~ 83.3 


Partial facial palsy; transient postopera- 
tive fluid reaccumulation............ 1 
Incision and drainage of infected cervical 
fluid reaccumulation 2 months post- 
operatively, followed by cure......... 1 
Cured after repeated excisions and irra- 
diation (cervical lesion). ............ 1 
Cured after irradiation; facial palsy... . . 1 
Death—postoperative fluid reaccumulation; 
facial palsy; aspiration of gastric contents 1 5.6 
Indeterminate (followed less than 1 year).. 6 
Transient postoperative fluid reaccumula- 
tion; facial palsy; now 4 months post- 
Transient postoperative fluid reaccumula- 
tion (axillary lesion); now 4 months 


Awaiting excision of residual infrascapular 
hygroma; 5 months postoperative.... . 1 


of fluid in the cervical incision, severe 
dyspnea and dysphagia, and aspiration of 
gastric contents led to the death of another 
(5.6 per cent) on the twelfth postoperative 
day. In 6 (33 per cent) of the 18 determinate 
cases the patients suffered either a major 
surgical complication, postoperative recur- 
rence, or death (Table I). However, 17 (94 
per cent) were considered ultimately to have 
had a satisfactory result. 

Indicative of the difficulties attending the 
surgical removal of cystic hygroma is the 
fact that 7 (29 per cent) of the operative 
cases, all involving cervical lesions, were 
believed to have contained cystic tissue 
which remained éven after long and pains- 
taking dissection. In all, the termination of 
the operation was prompted either by the 
precarious condition of the patient or the 
fear that further dissection would result in 
damage to vital structures. Of these, 3 un- 
derwent at least 1 further excision, with 
subsequent cure; 1 awaits such an operation 
now; 1 was cured after incision and drain- 
age of a large cervical abscess; 1 had irra- 
diation for recurrent hygroma; and 1 died 
postoperatively, as previously mentioned. 
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Fic. 4. a, A 1 year old male with a hygroma of the 
cheek. b, One year following excision a partial facial 
palsy remained. 

Fic. 5. Female infant, aged 8 months, with an extensive 
hygroma involving both sides of neck and one cheek. 
Direct extension into the base of the tongue produced 
macroglossia. Intraoral view, showing lymphangioma- 
tous involvement of the floor of mouth and tongue. 


Large, persistent postoperative reaccu- 
mulations of fluid in the operative site were 
often of grave concern to the surgical staff. 
Five (21 per cent) of the operative cases 
were thus affected, 4 in the neck and 1 in 
the axilla. In 3 of these, residual cystic tis- 
sue had been visible at the end of the opera- 
tion; in 2 removal was believed to have been 
complete. All such collections were apparent 
within 1 week of operation. One of these 
required incision and drainage of a resulting 
cervical abscess 2 months postoperatively, 1 
patient died on the twelfth postoperative 
day, and 3 experienced a gradual disap- 
pearance of the fluid after repeated needle 
aspirations up to 3 months postoperatively. 
In none was excision of the reaccumulation 
required, although such a course was con- 
sidered in every case. The value of a con- 
servative approach in such situations is, 
therefore, evident. 

The single death, resulting from aspiration 
of gastric contents and preceded for several 
days by signs of feeding and respiratory 
difficulties in the presence of a cervical fluid 
reaccumulation, would seem to emphasize 
ihe need for a planned tracheostomy in 
some of these cases. We believe that trache- 
ostomy should accompany the excision of a 


Fic. 5. 


cervical hygroma whenever: (a) laryngeal 
stridor has been present preoperatively; (b) 
extensive dissection near the trachea or 
larynx has been necessary; (c) there is mas- 
sive involvement of the tongue; or (d) the 
airway appears obstructed for any reason at 
the end of the operation. In addition, it 
should be done in the postoperative period 
if increasing respiratory difficulty develops. 

Of the 3 cases in which irradiation was 
employed, either as a primary agent prior 
to admission or secondarily to control re- 
currences after surgical removal, no effect 
was observed in 2. The administration of 
600 roentgen units to the area of a recurrent 
cervical hygroma in the third case, an 
infant aged 13 months, resulted in prompt 
local relief of the swelling, without cure. 
This infant had been in a moribund state as 
a result of tracheal and pharyngeal obstruc- 
tion caused by the pressure of the recurrent 
lesion. 

It is the opinion of Gross (4) that these 
lesions must be attacked surgically as soon 
as they are diagnosed unless some special 
debility is present. Great advances in infant 
anesthesia have made obsolete the old argu- 
ments against early operation, even in the 
neonatal period. Our experiences lend strong 
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support to this view. Delay in operation for 
even as little as a few months entails the fol- 
lowirg risks: (a) the tumor may suddenly 
grow and involve vital structures, vastly 
increasing the hazard of operation and the 
chance of subsequent complication or re- 
currence; (b) although uncommon in our 
series, serious infection of the tumor may take 
place if the pretreatment interval is unduly 
long; (c) as is well documented by Corper 
and Scanlon, quoting Moore, an apparently 
asymptomatic cervical hygroma exerts con- 
stant mild pressure on the deep structures of 
the neck, and may cause the infant to lie on 
the same side as the tumor, with resultant 
obvious flattening of the head and facial 
deformity. ‘The present operative risk, with 
competent surgical and anesthetic care, is 
small enough to make early excision, even 
in the neonatal period, mandatory. 


SUMMARY 


Experiences with 25 cases of cystic hy- 
groma at The New York Hospital in the 
period from 1932 through March 1958, 
embodying a high incidence of older people, 
are presented. 

A high cure rate and low mortality fol- 
lowing surgical excision are recorded. How- 
ever, when the lesions were large and rami- 
fying, sometimes as a result of undue delay 
in the institution of treatment, poorer re- 
sults were obtained. 

The difficulties in the removal of large 
cervical hygromas are emphasized. 


A conservative attitude in the face of the 
frequently occurring postoperative fluid re- 
accumulations at the operative site is be- 
lieved to be of value, the majority of these 
in our experience having subsided after 
repeated aspirations. 

The indications for tracheostomy at or 
near the time of excision of cervical hy- 
gromas are presented. 

In this limited experience x-ray therapy 
was found usually to be of little value in the 
treatment of cystic hygroma. However, life- 
saving relief of signs and symptoms was re- 
corded in the case of 1 infant, previously 
moribund, following irradiation of a recur- 
rent cervical hygroma. 
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THE ENDOCRINE BASIS FOR THE SENSITIZATION 


RESPONSE 


GRACE G. HERMAN, M.D., HELENA E. HUGHES, M.R.C.O.G., and 
SAUL B. GUSBERG, M.D., F.A.C.S., New York, New York 


Ix 1955 ouR GROUP initiated a study of the 
sensitization response (SR) in patients with 
carcinoma of the uterine cervix and carci- 
noma of the uterine corpus. We were stimu- 
lated by the excellent prognostic results 
attained by the Grahams (4) with this tech- 
nique, and we hoped that the use of the sen- 
sitization response would help us to define 
precisely the most efficient mode of treat- 
ment in the individual cancer patient. 

This study, which was originally confined 
to patients with cervical and corpus cancer, 
was expanded after a year and a half to in- 
clude females with no evidence of malignant 
disease, because we then had reason to be- 
lieve that SR was related to the hormonal 
status of the patient and did not represent a 
host response to a carcinoma per se. ‘This 
present report, therefore, is based on the 
data from 100 cancer patients and 141 non- 
cancer patients whose vaginal smears have 
heen counted for SR in the manner original- 
ly described by the Grahams (1). We have 
carried out this project in parallel with our 
previously described cytochemical method 
of radiosensitivity testing (5). 


METHODS AND MATERIALS 


The 100 patients with cancer and the 141 
without cancer were patients from the Sloane 
Hospital for Women, the Babies Hospital, 
and the Francis Delafield Hospital, all in 
the Columbia-Presbyterian Medical Center. 

Vaginal smears were obtained with a 
‘lightly curved glass pipette from the pos- 


From the Department of Obstetrics and Gynecology, College 
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terior fornix prior to pelvic examination, 
fixed immediately in ether-alcohol, and 
stained according to the standard Papanic- 
olaou technique. One hundred consecutive 
benign epithelial cells were counted, and 
SR was considered high if 10 or more basal 
cells exhibited 1 or more of the characteristic 
SR features in the cytoplasm: vacuolization, 
increased density, lavender hue. Cell or nu- 
clear enlargement alone, without the cyto- 
plasmic features, was not counted as SR 
change. Basal cells showing degenerative 
nuclear changes, even in the presence of SR 
cytoplasmic features, were not counted as 
SR cells. The most important and constant 
cytoplasmic change which was found in vir- 
tually every case with significantly elevated 
SR was the increased vacuolization. 

In the cancer cases, the number of ma- 
lignant and dyskaryotic cells per 100 benign 
cells were counted as well. It is worth em- 
phasizing that the entire technique of ob- 
taining and staining the benign smears was 
completely comparable with that employed 
in the cancer cases. 


RESULTS 


At this time it is too early to report the 
prognostic results in the cancer cases since 
the follow-up period has been 1 to 2 years in 
the majority of cases, and 2 to 3 years ina 
small percentage of cases. A later report 
with these figures will be published when an 
adequate follow-up period has elapsed. Cer- 
tain correlations, however, became appar- 
ent in the course of the analysis of the 100 
cancer cases and these findings led to the 
study of SR in the 141 other females who 
had no evidence of malignant disease. 
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TABLE I.—DISTRIBUTION OF 100 CANCER PATIENTS 
AND INCIDENCE OF HIGH SR 


Total No... 
Disease of cases No. of cases cent 
Cervix and cervical stump 
Intraepithelial........ 11 0 0 
Miscellaneous types... ... 4 3 75.0 


(Vagina, ovary) 
TABLE II.—DISTRIBUTION BY STAGE OF 74 CASES OF 


CANCER OF THE CERVIX AND INCIDENCE OF 
HIGH SR 


Stage of cases No. of cases Per cent 
28 4 14.3 
_ 28 39.3 
14 3 21.4 
4 1 25.0 
Total 74 19 


PATIENTS WITH CANCER 

The distribution of the 100 cancer cases 
according to the clinical classification and 
the incidence of high SR is presented in 
Tables I and II. The over-all incidence of 
high SR for all cancer patients was 27.0 per 
cent; for invasive cancer of the uterine cer- 
vix 25.7 per cent; for cancer of the uterine 
corpus, 45.5 per cent. Comparable figures 
reported by the Grahams (3) in 1956 were 
30.0 per cent for invasive cancer of the cer- 
vix, and 35.0 per cent for cancer of the 
uterine corpus. In our own series the inci- 
dence of high SR in invasive cervical lesions 
was greatest in stage II, with stages IV, III, 
and I following respectively (Table II). It 
should be noted that stage IV had too few 


cases to give a true picture of the incidence 
rate. 


TABLE IIf.— RELATION OF AGE AND THE PRESENCE 
OF HIGH SR IN 100 CANCER CASES 


Total No. 
Age, years of cases No. of cases Per cent 
20-30...... 5 0 0.0 
31-40...... 22 4 18.2 
41-50..... ‘> 30 8 26.6 
51-60...... 22 31.8 
61+....... 21 8 38.2 


TABLE IV.--CORRELATION OF THE MENOPAUSE 
AND THE FREQUENCY OF A HIGH SR 


Cases Pr 12 sal Post ip 
No. examined....... 100 46 54 
No. with high SR.... 27 8 19 


Per cent with high SR 


The initial observation which suggested 
that hormonal factors play a role in the 
etiology of the SR phenomenon was that the 
incidence of high SR in the cancer patients 
was greater in the older rather than in the 
younger age group, and as followed from 
that, was greater in the postmenopausal 
group as compared with the premenopausal 
group (Table IV). 

A second observation which suggested a 
hormonal relationship was that the high SR 
group in the cancer cases revealed a higher 
level of cornification than would be found if 
high SR were directly related to low estro- 
gen levels (Table V). The elevation of the 
level of cornification in patients with cancer 
of the cervix or corpus has been reported by 
Liu in 1955, and Wachtel in 1958. Criteria 
for cornification levels in the present series 
were based on the categories used by Liu in 
her series: minimal cornification, less than 
10 per cent cornified cells; moderate corni- 
fication, 11 to 30 per cent cornified cells; ad- 
vanced cornification, 31 to 60 per cent cor- 
nified cells; marked cornification, more than 
60 per cent cornified cells. 

It can be seen in Table V that 63.2 per 
cent of the postmenopausal women with 
high SR had moderate or, rarely, advanced 
cornification. In the premenopausal-high 
SR group 100 per cent of the patients had 
moderate or advanced cornification. It is 
therefore definitely noteworthy that high 
SR in cancer patients, in either premeno- 
pausal or postmenopausal women, was 
found in the majority of cases in association 
with higher levels of cornification than 
would be anticipated if SR were directly 
related to a low estrogen effect. 

Many of these observations are by no 
means new. In one of their early reports, the 
Grahams (1) in 1953 commented on the re- 
lationship of high SR and the patient’s age. 
In the same publication they reported that 
in animal studies SR was produced in mice 
following the injection of a variety of sub- 
stances including stilbestrol, progesterone, 
testosterone propionate, cortisone, and al- 
pha-tocopherol. In these studies it was noted 
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TABLE V.—RELATIONSHIP OF SR LEVEL AND DEGREE OF CORNIFICATION IN 100 CANCER PATIENTS 


Low SR. High SR. 
Menopausal No. of —Degree of cornification, per cent_ No. of —Degree of cornification, per cent__ 
status cases Min. Mod.-Ado. Mka. cases Min. Mod.-Adv. Mkd. 
Premenopausal........... 38 0.0 65.8 34.2 8 0.0 100.0 0.0 
Postmenopausal........... 35 29 82.8 14.3 19 36.8 63.2 0.0 
73 1,3 74.0 24.7 27 25.9 741 0.0 


that following the administration of estro- 
gen, SR was not observed until the initial 
cornification had disappeared. In their more 
recent studies (2) the Grahams have pur- 
sued immunologic factors in the etiology of 
SR. 

Work has been reported however by 
Munguia and Franco of Mexico City on 
hormonal factors associated with SR. They 
studied the effects of estrogen, progesterone, 
testosterone, and oophorectomy in patients 
with advanced cancer of the cervix and 
found that testosterone administration and 
oophorectomy increased the SR while the 
administration of estrogens caused it to dis- 
appear. This latter fact is not incompatible 
with our data, as we too have seen that with 
a sufficiently high level of estrogen activity, 
SR is not demonstrable. 

Finally, the frequency of the relationship 
of high SR with the postmenopausal group 
of cancer patients has been reported by 
Ostberg of Sweden in 1956 in her SR series 
of 200 cases of invasive cervical cancer. 

From our own series it was apparent that 
a certain degree of estrogen effect, as reflect- 
ed by moderate or, rarely, advanced cornifi- 
cation, did not exclude the possibility of 
elevated SR. It suggested to us that either a 
critical range of estrogen activity, changes in 
estrogen levels, or even more likely, a con- 
stellation of hormonal factors, when present, 
give rise to the SR phenomenon. There is no 
doubt, however, that in cancer patients a 
considerable degree of cornification may be 
present and still be compatible with elevated 
SR levels. 

In each of the studies reported, and, in 
our own series, all the patients did have can- 
er and it was therefore impossible to disso- 
‘iate hormonal effects from a possible im- 
nunologic response to the carcinoma. It 


seemed therefore of value to determine if SR 
could be found in a significant number of 
women who did not have cancer and to de- 
termine the conditions with which it was 
associated. 


PATIENTS WITHOUT CANCER 


In a group of 28,000 noncancer patients 
reported by the Grahams (3) in 1956, SR 
was present in amounts large enough to be 
recorded in only 0.2 per cent of cases. This 
fact was established by qualitative scanning 
rather than by differential counting. In 
view of this fact it seemed advisable to use 
selected groups of females without cancer, 
where theoretically one might expect to find 
a significant incidence of elevated SR. From 
the animal and clinical studies reported it 
appeared that SR might be demonstrated in 
significant amounts in those patients whose 
hormonal status was undergoing gross 
changes and especially in those in whom 
changing levels of estrogen might be present. 

The groups selected for study were as fol- 
lows: postpartum women; patients in whom 
bilateral oophorectomy had been performed 
for benign pathologic conditions; female in- 
fants from birth to 9 months of age; and a 
number of patients from the sterility and 
endocrine clinic. In reviewing the last 
group, it was clear that it could be sub- 
divided, one group consisting of patients 
with a variety of endocrine disorders, some 


TABLE VI.—INCIDENCE OF HIGH SR IN 141 NON- 
CANCER PATIENTS 


Total No. Agerange, -—High SR_— 

Groups of cases years No. cases Per cent 
18 21-39 0 0.0 
Endocrine abnormality. . 22 14-38 1 4.5 
Postoperative.......... 10 39-53 1 10.0 
19 5days-9 mos. 6 31.5 
pe 66 16-43 27 40.9 
Class III smears...... : 6 16-39 1 16.6 
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TABLE VII.—ANALYSIS OF 66 POSTPARTUM CASES 


Interval No. Age range, ——Cornification, per cent 
postpartum smears No. Per cent pears Min. Mid. 
or 47 21 44.7 18-41 76.2 23.8 
3 weeks...... 33 14 42.4 20-41 100.0 0.0 
6 weeks...... 38 4 10.5 29-37 50.0 50.0 
Totals... 118 39 33:4 18-41 82.1 17.9 


of whom received or were receiving hor- 
mone therapy, and a second group consist- 
ing of patients who had a normal menarche, 
regular menstrual cycles plus a_ sterility 
problem. ‘These latter cases were considered 
suitable normal controls for comparative 
purposes. In all cases clinical evaluation in- 
cluded a careful history and physical exam- 
ination. Malignant disease was excluded 
clinically and in screening the smears ob- 
tained. When possible, endometrial biopsies 
were taken. 

It can be seen in Table VI that high SR 
was present in 25.5 per cent of all the non- 
cancer females studied, including the 18 ap- 
parently normal sterile patients. This figure 
compares with the 27.0 per cent incidence in 
our 100 cancer cases, and with the Graham 
incidence of 30.0 per cent in invasive cancer 
of the cervix (3). 

The inclusion in the noncancer group of 6 
patients with class III smears warrants dis- 
cussion. Throughout this portion of the 
study a careful attempt was made to exclude 
any cancer patients. In these 6 class III pa- 
tients, repeat smears were all negative with 1 
exception. In the 1, patient with a repeat 
class III, a coning biopsy revealed epider- 
mization of the cervix. 

In the infertility patients who were con- 
sidered to be normal controls, it was not sur- 
prising that high SR was not present in view 
of the previously cited incidence of 0.2 per 
cent (3) by the Grahams. It is noteworthy 
that these patients not only failed to demon- 
strate high SR but had a complete absence 
of such changes in their smears. In_ this 
group it was found that the level of hormon- 
al activity assessed qualitatively from the 
smears coincided with the hormonal status 
as determined by endometrial biopsy. 
Unfortunately, the group of patients with 


frank endocrine disorders was small and in- 
cluded a miscellany of diagnoses and forms 
of treatment so that it was impossible to 
draw any conclusions at this time. 

The postoperative patients had 1 high SR 
count. In 3 other cases, however, SR cells 
were present but not in sufficient number to 
reach the 10 per cent level. These smears 
were taken on the ninth, tenth, and eleventh 
postoperative day, and all the smears were 
still well cornified. It is very likely that 
smears taken 30 days or more postoophorec- 
tomy would yield a greater incidence of 
high SR. 

In the babies the earliest appearance of 
any SR signs was at 9 days, but it was not 
found in significant amounts, i.e., 10 per cent 
or more, until 2 months. It was then found 
up to the age of 9 months with an over-all 
incidence of 31.5 per cent, and in association 
with poorly cornified smears. None of these 
babies had any disorder related to the 
genital tract. As long ago as 1938, Papanic- 
olaou and Frankel identified and demon- 
strated in babies a parabasal cell which ap- 
pears highly suggestive of SR. 

In postpartum women, smears were ob- 
tained at 5 days, 8 days, 3 weeks, and 6 
weeks following delivery. In 18 cases a 
series of smears, i.e., 8 days, 3 weeks, and 
6 weeks, was obtained. It can be seen in 
Table VI that of a total of 66 patients, 40.9 
per cent had significantly elevated SR. 
Again, as in the other noncancer groups, SR 
appeared at a maximal level in association 
with a poorly cornified smear, with the 
greatest incidence at 8 days and 3 weeks 
(Table VII). In the 18 cases followed serial- 
ly, SR proved to be a transient phenomenon 
disappearing as the level of cornification 
rose past an apparently critical level. 

That there is a significant amount of ele- 
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Fic. 4. 


Fic. 1. Cancer group: C. F., 57 years, cancer of cervix, stage III, adenocarcinoma. 


Fic. 2. Noncancer group: M. N., 8 months. 


Fic. 3. Noncancer group: E. B., 36 years, postpartum, 8 days. 
Fic. 4. Noncancer group: C. T., 23 years, postpartum, 3 weeks. 


vated SR in certain groups of females with- 
out malignant disease is clear, and demon- 
stration of these changes can be seen in the 
photomicrographs (Figs. 1, 2, 3, and 4). 


DISCUSSION 


The fact that high SR occurs in significant 
amounts in females without malignant dis- 
ease strongly supports a hormonal rather 
than an immunologic etiology. The condi- 
tions, however, under which high SR is 
demonstrable in the cancer and noncancer 
zroups are not identical. 

High SR in noncancer females is associ- 
ited with poorly cornified smears, i.e., a low 
‘evel of estrogen activity, and is found mainly 
‘n females who have undergone gross hor- 


monal changes, one of which is a marked de- 
crease in estrogen activity. In contrast, high 
SR in cancer patients is ofttimes associated 
with moderate or, rarely, advanced levels of 
cornification. It may well be that a changing 
level of estrogen activity is a more significant 
factor in the development of the SR phe- 
nomenon than the absolute level of estrogen 
activity at any given time. It is also clear 
that SR is not found either in the cancer or 
noncancer females when the level of estro- 
gen activity rises past an apparently critical 
point; i.e., a marked estrogen effect. In addi- 
tion, other hormonal factors may very well 
be involved. Further controlled hormonal 
studies are indicated to clarify the exact 
mechanism or mechanisms involved. 
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SUMMARY AND CONCLUSIONS 


1. The incidence of high SR in 100 cancer 
patients was 27.0 per cent; in 74 of these 
patients who had invasive cancer of the 
cervix, 25.7 per cent; and in 11 of these pa- 
tients who had cancer of the uterine corpus, 
45.5 per cent. In all these cases the incidence 
of high SR increased with the advancing 
age of the patient, and was significantly 
higher in the postmenopausal group as com- 
pared with the premenopausal group of pa- 
tients. 

2. A significant incidence of high SR oc- 
curs in females without malignant disease: 
babies, 31.5 per cent; postpartum women, 
40.9 per cent; and an over-all incidence of 
25.5 per cent in 141 noncancer cases. In a 
serial study of 18 postpartum women, SR 
proved to be a transient phenomenon disap- 
pearing when the level of cornification pass- 
ed an apparently critical level. 

3. High SR in noncancer females was as- 
sociated with poorly cornified smears, 
whereas in the cancer group it was often 
associated with moderate and, at times, ad- 
vanced levels of cornification. 

4. These findings strongly support the 
view that the sensitization response is re- 
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lated to the hormonal status of the patient 
and that further controlled hormonal studies 
are necessary to clarify more precisely th: 
mechanisms involved. 
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AN EXPERIMENTAL EVALUATION OF FECAL CONTINENCE— 
SPHINCTER AND RESERVOIR—IN THE DOG 


MITCHELL KARLAN, M.D., RICHARD C. McPHERSON, M.D., and 
ROBERT N. WATMAN, M.D., Columbus, Ohio 


‘(HE TRYING PROBLEMS associated with a 
permanent abdominal ileostomy prompted 
this investigative study of fecal continence. 
‘The physiology of defecation was reviewed 
and an experiment on fecal continence was 
conducted using dogs. Sphincter continence 
and reservoir (colonic) continence were the 
two facets studied. The possibility of a tech- 
nique to re-establish gastrointestinal con- 
tinuity, preserve the sphincter mechanism, 
and retain good fecal continence after total 
colectomy was considered. 

Gaston (1, 2) defines fecal continence as 
consisting of sphincter continence with its 
neurologic components and reservoir con- 
tinence. Each of these terms implies a spe- 
cific phenomenon which is important in 
understanding the mechanism by which fe- 
cal continence is maintained. Sphincter con- 
tinence is the ability of the external sphinc- 
ter of the anus to resist the propulsive forces 
created by peristaltic waves in the left colon 
and rectum. Its component parts are: (a) 
the receptor sensory units in the left colon 
and rectum and even in the sphincter itself, 
(b) the afferent and efferent nerve path- 
ways, (c) the central nervous system, and 
(d) the external sphincter of the anus. The 
internal sphincter of the anus is not consid- 
ered important in voluntary sphincteric con- 
tinence. 

Fecal material passes from the transverse 
and left colon into the rectum by a series 
of local contractions and mass peristalses. 
When the rectum is filled and pressure rises 
‘0 from 40 to 50 millimeters of mercury, def- 
‘cation reflexes begin with a co-ordinated 
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relaxation of the internal sphincter and con- 
traction of the external sphincter of the 
anus. The reflex by which the internal 
sphincter relaxes is a local one (2 to 3 neuron 
in type) and is not abolished by transecting 
the cord above it. The contraction of the 
external sphincter, which is at first involun- 
tary and later voluntary, is mediated via a 
pathway which goes to a subcortical level 
and is abolished by transecting the cord at 
the level of the eighth thoracic vertebra or 
above. The fact that the sphincter contracts 
before there is a conscious awareness of a 
pressure sensation suggests that the reflex 
connections are at a subcortical level. 
Gaston (2), Goligher, and Hertz have 
noted that the further down the left colon, 
the smaller the amount of required pressure 
necessary to elicit sensation or initiate recto- 
anal reflexes. This observation implies that 
the concentration of receptor sensory organs 
increases as the anal canal is approached. 
This concept has not been proved anatom- 
ically but is the basis upon which investi- 
gators have thought that an area of distal 
rectum must remain to preserve enough 
sensory receptors and efferent nerve fibers 
to maintain the rectoanal reflexes. 
Maximum voluntary contraction of the 
external sphincter of the anus is approxi- 
mately of only 50 to 60 seconds’ duration. A 
reservoir mechanism is therefore essential 
for good fecal continence. In addition, ab- 
sorption of water renders the fecal mass 
more solid. The sphincter can, in co-ordi- 
nation with increased pressure in the rec- 
tum, contract to meet the force and can do 
this intermittently. When liquid feces are 
presented to a normal sphincter mechanism, 
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DENTATE LINE 


PULL THROUGH OF COLON 
wiTH MUCOSA 
/ 


RECTAL MUSCULAR CUFF 
COMPLETELY STRIPPED OF MUCOSA 
\ 


Fic. 1. Preparation of denuded anorectal cuff. 


however, continence is a very difficult ac- 
complishment. This fact implies that the 
stool passage must be delayed, must be of 
at least semisolid consistency, and a reser- 
voir for the retention of the fecal bulk must 
be available. 

The role of reservoir continence is illus- 
trated by a sigmoid colostomy or conversely 
a megacolon. Reservoir continence depends 
primarily upon the ability of the left colon 
to adapt itself to distention by variations in 
the bowel wall tonicity. It is important be- 
cause: (a) it decreases the frequency of 
defecatory impulses, (b) it reduces fecal 
volume, and (c) increases fecal viscosity 
by absorption. 

To summarize, a sensation of discomfort 
arises in the perineal, rectal, and sacral 
areas when gastrocolic and duodenocolic re- 
flexes lead to the passage of material from 
the transverse colon and descending colon 
into the rectum. The “‘call to defecation”’ is 
initially resisted by the reflex contraction of 


CO 


Fic. 2. Details of ileorectal anastomosis to rectal stump 
by pull-through technique. 


the external sphincter of the anus. If the call 
is not answered, the rectum adapts itself io 
the new volume and the discomforting sen- 
sation decreases and may even disappear. 
As more bulk passes into the rectal ampulla, 
a new “call to defecation”? with re-enforce- 
ment and urgency is initiated. The process 
is repeated until the reservoir is emptied. 

An experimental evaluation of these pos- 
tulates concerning fecal continence was un- 
dertaken. An effort was made to evaluate 
each component and its relation to the 
others. 


METHOD 


Five operative groups of healthy mongrel 
dogs varying in weight from 10 to 35 kilo- 
grams and of both sexes were used for this 
study. The animals were observed for 7 days 
before operation to rule out the presence of 
any communicable or serious disease and to 
observe their bowel habits. They were main- 
tained on a diet of cooked horsemeat, com- 
mercial dog food, and water ad libitum. 
Three days before surgery they were given 
30 cubic centimeters of castor oil by gastric 
tube. On this day, they were also given 1 
gram of neomycin a day orally and 5 grams 
of succinylsulfathiozole (sulfasuxidine) a day 
orally, for a total of 3 days. On the day be- 
fore surgery, castor oil was again given and 
food and water withheld. Five milligrams of 
bethanechol chloride (urecholine) subcuta- 
neously and a saline enema were given on 
the morning of surgery. The bethanecho! 
chloride produced vomiting and prompt 
emptying of the bladder and colon. Thirty 
milligrams of sodium pentobarbital per kilo- 
gram intravenously plus 0.3 milligram of 
atropine sulfate subcutaneously were ad- 
ministered for anesthesia. 

The anesthetized dog was positioned su- 
pine in such a manner that the perineal area 
extended just beyond the edge of the oper- 
ating table. The abdomen and perineal area 
were shaved and prepared with surgical 
soap and benzalkonium chloride solution 
(zephiran). The abdomen was then entered 
through a suprapubic midline incision. 
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Group I (6 animals). The distal left colon 
beyond the inferior mesenteric artery and 
the rectum were removed to within 4 centi- 
meters of the dentate line (Fig. 1). The re- 
maining rectal mucosa was excised and a 
fibromuscular cuff was left. The proximal 
cut end of the colon was fashioned into a 
single barrelled colostomy. A segment of 
distal ileum was then isolated. Its proximal 
end was closed by suture and the distal end 
anastomosed end-to-end to the rectal cuff. 
Small bowel continuity was then re-estab- 
lished by end-to-end ileoileostomy (Fig. 2). 

At a subsequent procedure undertaken 10 
days later the colostomy was removed and 
anastomosis established to the upper end of 
ihe previously placed ileal segment. This pro- 
cedure re-established total intestinal con- 
tinuity. The delay in re-establishing con- 
tinuity was to minimize difficulties with the 
relatively insecure ileorectal anastomosis. 
This basic preparation was constructed in 
order to determine whether sphincter con- 
tinence could be preserved with only a 4 
centimeter nonmucosa-lined rectal stump. 
The right colon was preserved to maintain 
some degree of normal fecal consistency. 

A few technical details may be pertinent: 

The vascular pattern of the terminal 
ileum in the dog presents an arcade system 
which makes mobilization of the distal end 
to reach the anus very difficult. Therefore, 
the ileum was divided one or two full ar- 
cades proximal to the ileocolic junction and 
the mesentery divided to the origin at the 
superior mesenteric artery in order to obtain 
a segment which could be more easily mo- 
bilized. This step is important for, without 
adequate mobilization, it is easy to avulse 
the mesentery and devascularize portions of 
the ileal segment and to place excess tension 
on the ileorectal anastomotic line. 

To denude the rectal stump of mucosa 
and perform the ileoanal anastomosis, the 
open end of the distal colon was closed by 
several interrupted mattress sutures, and the 
stump was everted through the anus by a 
clamp inserted from below. Pelvic contami- 
nation was thus kept to a minimum. The 
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Fic. 3. Ileorectostomy with pantaloon S pouch. Con- 
struction and placement of S-type ileal pouch. This 
technique utilizes 1 antiperistaltic limb. 


distal colon and rectum were everted 
through the anus without difficulty and 
with minimal bleeding. The rectal mucosa 
was easily stripped, and complete excision 
was accomplished to the pectinate line. The 
rectal muscular tube was transected and a 
cuff 4 centimeters in length was left above 
the pectinate line. A clamp was passed 
through the everted rectal cuff and the dis- 
tal end of the isolated segment grasped. It 
was drawn through the everted rectal cuff 
and a one layer anastomosis performed from 
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Fic. 4. Ileorectostomy with isoperistaltic double bar- 
relled pouch. Construction and placement of double 
isoperistaltic ileal reservoir. Both limbs isoperistaltic. 
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Fic. 5. Ileorectal anastomosis. Photomicrograph of 
rectal cuff at 4 months. The raw surface is covered by 
ileal mucosa. Dentate line with crypt at right. 


below. ‘The bowel was then returned to the 
pelvis. 

Group II (4 animals). This group of ani- 
mals was prepared as those of group I ex- 
cept that a total coloproctectomy to the 
mucocutaneous line was performed and no 
rectal cuff left. A direct primary ileoanal 
anastomosis was performed by the pull- 
through technique. This group was pre- 
pared in order to determine the effect on 
continence of complete loss of the rectum 
and colon. 

Group III (6 animals). These animals were 
similar to those of group IT, but anastomosis 
of terminal ileum was to a 4 centimeter rec- 
tal cuff denuded of mucosa as described in 
group I. This was done to determine the 
behavior of the denuded rectal cuff with a 
liquid stool. 

Group IV (15 animals). These animals were 
basically similar to those of group III. An 
ileal pouch, however, was constructed of 
the pantaloon S type described by Valiente 
and Bacon and shown in Figure 3. This 
pouch was placed between normal ileum 
and the rectal muscular cuff. These animals 
were prepared in order to determine the be- 


havior of this type of fecal reservoir in pre- 
serving total fecal continence. 

Group V (10 animals). These animals were 
similar to those of group IV, but a more 
satisfactory ileal reservoir was attempted by 
avoiding the antiperistaltic component of 
the pantaloon pouch. A double but isoperi- 
staltic ileal reservoir was constructed as 
shown in Figure 4. It was placed between 
the normal ileum and the rectal cuff. 

In groups II, III, IV, and V a one stage 
procedure was performed without fecal di- 
version. Postoperatively the animals were 
given 400,000 units of penicillin and 0.5 
gram of dihydrostreptomycin intramuscu- 
larly every day for 3 days. They were given 
water ad libitum, and on the third postop- 
erative day increasing amounts of cooked 
horsemeat were begun. By the sixth day the 
dogs were all on a standard kennel diet. 

Observations were made on the frequency 
of defecation, the consistency of the stools, 
general well-being and body weight and 
evidence of voluntary fecal continence. 


RESULTS 


There were 2 postoperative deaths in 
group I. The first dog expired 4 days post- 
operatively of generalized peritonitis result- 
ing from retraction of the colostomy. The 
second dog died 4 days postoperatively of 
torsion and complete obstruction at the 
colostomy site due to a technical error. The 
remaining 4 dogs had severe diarrhea for 
the first week after re-establishment of gas- 
trointestinal continuity. After this period o! 
time stool consistency became semisolid in 
nature. In the beginning tenesmus and fre- 
quent straining were noted. After 2 weeks 
this subsided, and 1 month postoperatively 
the animals had from 3 to 4 movements with 
an apparently normal act of defecation in 
an observed 10 hour period. The stools be- 
came even more solid in consistency with 
the return of relatively normal frequency. 
Excellent voluntary control was evident. 

The animals lost from 3 to 5 kilograms of 
body weight within the first 2 weeks. After 
this time their appetites became more nor- 
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mal and within 6 weeks they had regained 
their preoperative weights and had returned 
to full normal activity. 

Rectal muscular cuff. Microscopic sections 
of the stripped mucosa demonstrated that 
ihe plane of dissection at the time of surgery 
was in the submucosa. The rectal muscular 
cuff which was retained had an adequate 
vascular supply and histologic sections dem- 
onstrated the complete absence of any 
rectal or colonic mucosal cells. Granulation 
tissue appeared within the first week post- 
operatively over the denuded rectal mus- 
cular cuff. This necessitated repeated dila- 
tation of the anorectal canal every few days 
for the first month to prevent stricture. A 
mucosal covering developed after this pe- 
riod and no further difficulty was encoun- 
tered with stricture formation. In 2 dogs 
sacrificed 3 months postoperatively, it was 
demonstrated grossly and histologically (Fig. 
5) that ileal mucosa and not colonic had 
overgrown the bare rectal muscular cuff. 
‘This was true in every case in all groups in 
which ileum was united to a denuded rectal 
stump. 

All 4 of the dogs in group II (ileoanal 
anastomosis) survived the operation but 
died within 2 to 3 months. All of the ani- 
mals had complete fecal incontinence with 
frequent dribbling and associated perianal 
excoriations, ulcers, fissure, and fluid and 
electrolyte problems. Their stools remained 
liquid, and they died of progressive cachexia 
and inanition. These animals at no time 
showed sphincter control and lost any abil- 
ity to hold or store fecal content. 

The 6 animals of group III differed from 
those of group II only in the retention of a 
4 centimeter mucosa denuded rectal cuff. 
Two animals died immediately postoper- 
atively from suture line leakage and perito- 
nitis. All of the surviving animals lost from 
5 to 10 kilograms of weight in a 2 month 
interval postoperatively. The animals which 
survived had frequent loose bowel move- 
ments ranging from 10 to 20 in a 10 hour 
observed period. Anal dribbling was not ob- 
served and the animals appeared to sense 


a b 


Fic. 6. a, Barium enema examination of S-type reser- 
voir. The films simulate a megacolon. b, Barium enema 
examination of isoperistaltic double ileal reservoir. The 
films simulate the normal rectal ampulla. 


the imminence of defecation. This aware- 
ness was combined with evident sphincter 
control as demonstrated by frequent inter- 
mittent defecatory straining. Examination 
of the rectal cuff of these dogs 3 months 
postoperatively showed the same findings as 
those in group I. 

Ten animals in group IV survived the 
operation. Five dogs died of technical fail- 
ures of which the most common was suture 
line leakage with pelvic abscess and perito- 
nitis. The survivors all showed a tendency 
to distention, constipation, and chronic low 
obstruction. It was frequently necessary to 
insert a rectal tube to remove liquid stool 
which had accumulated in the ileal panta- 
loon pouch. They were unable to empty the 
terminal bowel completely and all dogs lost 
from 5 to 10 kilograms in a 2 month period 
postoperatively. Roentgenograms (Fig. 6a) 
show the large atonic reservoir which re- 
sulted with the pantaloon S pouch contain- 
ing an antiperistaltic segment. Peristalsis 
was not noted on fluoroscopy, and it was 
evident that the pouch did not possess the 
propulsive power necessary to empty itself. 
Bowel movements were, therefore, infre- 
quent and the dogs appeared uncomfortable 
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and of substandard health and activity. Ex- 
amination of the rectal cuff showed findings 
as in group I. 

In group V there were 3 postoperative 
deaths due to technical failures. The re- 
maining 7 dogs lost from 2 to 5 kilograms in 
6 weeks, but within 2 to 3 months all had 
regained their preoperative weights. Initial- 
ly the stools were very loose and watery. 
However, the animals did not exhibit tenes- 
mus or straining, and the stools consistently 
became semisolid after several weeks and all 
showed evidence of voluntary sphincter con- 
trol and good fecal continence. They had 
from 4 to 6 movements during the day and 
were able to retain feces until released from 
the cage. They exhibited normal activity 
and well being and no significant differences 
between these dogs and adjacent nonoper- 
ated upon animals were noted except for the 
semisolid nature and moderate increased 
frequency of the stools. Examination of the 
rectal cuff on postmortem examination of 
several of the animals showed findings iden- 
tical to group I. Roentgenographic (Fig. 6b) 
examination of the double isoperistaltic 
pouch showed a structure which could eas- 
ily have been mistaken for a large rectal 
ampulla. Good peristalsis and tone were 
noted. 


DISCUSSION 


Total fecal continence consists of two 
components: (1) sphincter continence and 
(2) reservoir continence with alteration of 
fecal consistency and volume. Both com- 
ponents were investigated in the present 
study. 

The animals of group I represent mini- 
mal disturbance of reservoir function. From 
these it may be concluded that the reflexes 
invoked in voluntary sphincter function are 
maintained by preservation of a short length 
of distal rectum denuded of mucosa. This 
theory implies the presence of adequate re- 
ceptors in the retained muscular wall of the 
short rectal stump. This was true in all ani- 
mals in which such a stump was preserved. 
In the animals of group II, however, sphinc- 


ter continence was lost with the removal of 
the total rectum indicating the vital necd 
for the receptor organs in the rectum. Those: 
of anus and sphincter alone were inade- 
quate. 

The animals of groups III, IV, and V fol- 
lowing those of groups I and II were in- 
tended to study reservoir function since 
sphincter preservation was maintained. Ani- 
mals of group III did not exhibit loose in- 
continence with dribbling and associated 
perineal lesions as in group II. The absence 
of a suitable reservoir, however, did not per- 
mit adequate control of defecation because 
of the fluidity and volume of the stool. The 
dogs in this group had many movements 
and were conscious of frequent defecatory 
impulses. Where a reservoir was constructed 
in group IV, the reverse occurred. The dogs 
manifested severe obstipation. The S-type 
ileal pouch manifested grossly inadequate 
motility. The presence of 1 antiperistaltic 
segment was apparently enough to interfere 
with the normal intestinal activity of the 
isoperistaltic limbs. Thus a type of pouch 
obstruction developed simulating mega- 
colon. 

The construction of an isoperistaltic ileal 
reservoir resulted in a structure of good ca- 
pacity and also of adequate co-ordinated 
propulsive activity to empty when necessary. 

These studies re-emphasize and support 
the dual nature of fecal continence: sphinc- 
teric and reservoir. They indicate that small 
segments of distal rectum, even when de- 
nuded of mucosa, adequately initiate sphinc- 
teric reflexes. The results further suggest the 
feasibility of creating an adequate fecal res- 
ervoir of small intestine. It is tempting to 
consider the application of such a technique 
in patients undergoing total coloproctecto- 
my for ulcerative colitis or multiple familial 
polyposis. The procedure was performed on 
a 29 year old woman with multiple familial 
polyposis of the colon with equivocal results. 
The technical difficulty far exceeded that 
experienced in the dogs. It must remain 
problematic at this time whether the oper- 
ation is clinically useful. 
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SUMMARY 

1. Sphincter continence can be retained 
ly preserving a rectal cuff of muscularis and 
ihe anal sphincter musculature. 

2. Ileal mucosal regeneration has been 
found to occur over the stripped rectal mus- 
cular cuff. 

3. This investigation would appear to 
demonstrate that the muscularis of the rec- 
tum constitutes an adequate source of sen- 
sory receptors to initiate the normal recto- 
anal reflexes. 

4. An isoperistaltic double ileal pouch can 


serve as a Satisfactory rectal ampulla for 
reservoir continence. 
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PATHOLOGIC CHANGES OCCURRING IN 


SEVERE REFLUX ESOPHAGITIS 


RICHARD N. MOERSCH, M.D., and F. HENRY ELLIS, JR., M.D., F.A.C.S., 
Rochester, Minnesota, and JOHN R. McDONALD, M.D., Detroit, Michigan 


‘THE INCREASED SCOPE of esophageal surgery 
in recent years has brought to light and 
emphasized many aspects of esophageal 
physiology and pathology previously imper- 
fectly understood. One of these has been 
the problem of reflux or regurgitant esopha- 
gitis. A study of the pathologic changes 
observed in a series of cases in which resec- 
tion was done was undertaken in an effort 
to broaden our knowledge of this disease. 


HISTORY 


Although reports of esophagitis date back 
to Galen, it was Quincke, in 1879, who first 
described it clearly and related it to the 
digestive juices. By 1906, Tileston had col- 
lected 44 cases from the literature. The suc- 
ceeding 30 years were attended by much 
confusion, but after 1935 a number of 
writers, notably Lyall, Winkelstein, and 
Allison and associates (1-3) clarified the 
picture and distinguished inflammation 
from true ulceration. In 1950, Barrett (6) 
suggested that deep gastric ulcers could 
appear in the lower reaches of an abnor- 
mally lined esophagus. Wolf and his asso- 
ciates described a third group as ‘“‘short 
esophagus with marginal ulceration.” 

A number of articles concerning the 
pathologic aspects of esophagitis have ap- 
peared in recent years. Peters, who reviewed 
the various pathologic aspects of this entity, 
distinguished between deep ulcers found at 
the cardia and the more common, super- 
ficial ulceration and scarring of the esopha- 


From the Sections of Surgery and Surgical Pathology, Mayo 
Clinic and Mayo Foundation, Rochester, Minnesota. 

Abridgment of thesis submitted by Doctor Moersch to the 
Faculty of the Graduate School of the University of Minnesota 
in partial fulfillment of the requirements for the degree of Master 
of Science in Surgery. 


476 


gus associated with shortening and stricture. 
He noted that inflammatory fibrosis was 
seen chiefly in the submucosa. MacLean 
and Wangensteen also emphasized the 
superficiality of acid-peptic stricture of the 
esophagus and contrasted it with the deep 
strictures of caustic esophagitis. Palmer 
studied the histopathologic changes of sub- 
acute esophagitis and stated that the disease 
was located primarily in the lamina propria 
with secondary involvement of the epitheli- 
um. This theory has not found wide accept- 
ance as yet. Barrett (7) recently studied high 
strictures above columnar epithelium and 
found that the striking feature was not 
scarring but rather muscle hypertrophy. 

The semantics of this problem remains 
somewhat involved, and a review of some 
commonly used synonyms for certain condi- 
tions is of value: 

1. “Reflux esophagitis” and “regurgitant 
esophagitis” are often used interchangeably. 
‘Peptic esophagitis” was originally used to 
describe esophagitis associated with duo- 
denal ulcer, but also has been applied to 
the reflux or regurgitant esophagitis. Allison 
(1) used the term “peptic ulcer of the 
esophagus,” and others have called this 
condition ‘‘erosive esophagitis” or ‘‘severe 
digestion esophagitis.” 

2. The abnormal histologic state termed 
by Barrett (7) ‘flower esophagus lined by 
columnar epithelium’ has been called 
“ectopic gastric mucosa,”’ “congenital short 
esophagus,” and “‘esophagus lined by gastric 
epithelium.” 

3. Deep ulcers occurring in the unusual 
tissue just mentioned are called ‘‘Barrett’s 
ulcers’’ as well as “peptic ulcers of the esoph- 
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agus,” “solitary peptic ulcers of the esopha- 
gis,” or simply “solitary ulcer’; also used 
is ‘solitary ulcer in the gastric-lined esoph- 
azus.” 


ANATOMY 


Descriptions of the gross and microscopic 
anatomy of the esophagus are found in 
many texts and need not be repeated. A few 
salient points are of interest, however. The 
structure of the muscular wall deep to the 
submucosa does not change at the esophago- 
gastric junction; the locus of this junction is 
marked externally by the peritoneal attach- 
ment and internally by the change in 
epithelium. The site of this luminal squamo- 
columnar junction varies in different ani- 
mals, and Johns has described the down- 
ward migration in man, from the mid- 
esophagus during the later months of em- 
bryonic life. 

The submucosal glands are characteristic 
of the esophagus but may be found beyond 
the squamocolumnar junction underlying 
gastric epithelium (Fig. 1). 

Esophageal “‘cardiac”’ or superficial glands 
of the esophagus are found at both ends of 
the gullet and may be easily confused with 
gastric epithelium if the overlying squamous 
mucosa is damaged or removed. 

The esophagogastric junction is not an 
even ring, but rather an irregular margin 
with interdigitations of squamous and co- 
lumnar mucosa. 


ETIOLOGY OF ESOPHAGITIS 


Since the time of Quincke, the gastric 
digestive juices have been inculpated as the 
principal agents producing esophagitis. A 
large number of clinical and experimental 
studies since then have tended to confirm 
this view. Selye produced esophagitis in rats 
hy the simple expedient of pyloric ligation. 
(commonly overlooked, however, is the fact 
‘hat the squamous mucosa in the proven- 
‘riculus and cardia was not affected. Arro- 
vave and associates and Ripley have pro- 
luced esophagitis by implanting gastric 
nucosa in the esophagus, and hydrochloric 


Fic. 1. Submucosal glands underlying gastric epithe- 
lium. Hematoxylin and eosin, X35. 


acid has been shown by Friedenwald and 
co-workers to prevent healing of acute, 
factitial ulcers. Aylwin found a positive rela- 
tionship between the regurgitation of acid- 
peptic secretions and the occurrence and 
course of esophagitis. Resection of the acid- 
peptic producing regions of the stomach also 
has been shown clinically by MacLean and 
Wangensteen and experimentally by Ellis 
and Hood to have a beneficial effect on 
esophagitis. 

This view has been contested by a number 
of writers, and subepithelial inflammation 
was held at fault by Palmer in 1955, focal 
infection by Jackson in 1929, and muscular 
anomalies by Barrett in 1957 (7). 

A variety of conditions may lead to the 
bathing of esophageal squamous tissues by 
gastric secretions, eventuating in esophageal 
inflammation and its sequelae: 

1. Vomiting and regurgitation may occur 
after intestinal or pyloric obstruction, preg- 
nancy, obesity, gastroenteritis, and _peri- 
tonitis. Prolonged use of gastric intubation 
in association with these or other conditions 
is an additional factor. 

2. Gastric mucosa may be present above 
the esophagogastric junction. Small isolated 
islands are common but are probably of no 
clinical significance. The significance of 
large sheets of columnar mucosa in the 
lower part of the esophagus remains open 
to question. 
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Fic. 2. Superficial marginal ulceration of the esoph- 
agus. Hematoxylin and eosin, X17. 


3. Hiatal hernia may contribute. Sliding 
hiatal hernias may produce incompetence 
of cardiac mechanism and lead to regurgi- 
tation of gastric contents. Relation between 
herniation and esophagitis is a complex one 
of mutual interaction and causation. 

4. Operative procedures at the cardia 
often lead to incompetence and esophagitis. 
Operations for benign lesions at the cardia 
should not be undertaken lightly. 

5. Peptic ulcers, either gastric or duo- 
denal, occur in from 5 to 40 per cent of 
cases of esophagitis. Hyperchlorhydria, sec- 
ondary obstruction, and an “‘ulcer diathesis”’ 
have all been held to blame. 


CASES STUDIED 


In this study a review was made of all 
cases of esophagitis seen at the Mayo Clinic 


~ 


“ 


Fic. 3. Immature cells producing re-epithelialization. 
Hematoxylin and eosin, X335. 


Fic. 4. Extended linear esophagitis. Hematoxylin and 
eosin, X35. 


from 1945 through 1956 in which resection 
of the esophagocardial region was_per- 
formed. Thirty-six cases meeting these cri- 
teria were found. The entire resected tissue 
was available for further examination and 
study in all cases. 


CLINICAL MATERIAL (TABLES I AND II) 


The patients in this series varied in age 
from 17 to 77 years, the median being 52 
years. The majority were in their fourth, 
fifth, and sixth decades, a somewhat young- 
er group than is usually reported, probably 
reflecting the absence of patients with mild 
esophagitis not requiring surgical inter- 
vention. Approximately two-thirds of the 
patients were males. 

Surgical intervention was undertaken in 
29 of the 36 cases because of extreme dys- 
phagia or obstruction not relieved by other 
measures. Three patients were operated on 
because of intractable pain, 2 because of 
repeated, severe bleeding, and 2 because 
carcinoma of the esophagus was suspected. 

The duration of symptoms prior to opera- 
tion varied from less than 1 year to more 
than 40 years. All but 3 patients had a 
history of dysphagia, ranging from transient 
discomfort on swallowing to almost total 
obstruction. This was truly the hallmark olf 
the disease. More than half of the patients 
had a history of epigastric pain; this was 
seldom pathognomonic and was not a good 
guide to the extent or prognosis of the dis- 
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Fic. 5. Submucosal inflammation above intact mus- 
cularis propria. Hematoxylin and eosin, X17. 


ease. Hematemesis was recorded in 39 per 
cent of the cases but was usually rather 
limited in extent. Five patients also had 
unexplained melena. 

Eighty-eight per cent of the patients had 
herniation of the upper end of the stomach 
into the thorax. In 8 of these cases known 
inflammation of the esophagus or surgery to 
the region of the cardia preceded the hernia- 
tion. The exact course of this progressive 
herniation is uncertain, but esophageal 
spasm, submucosal fibrosis, and perieso- 
phageal reaction all may contribute to eso- 
phageal shortening and progressive, fixed 
herniation. 

Eleven patients had undergone operation 
on the cardia prior to the onset of esophagi- 
tis. In an additional 5, attempts had been 
made at repairing the hiatal hernias. 

In 8 patients repeated or protracted 
vomiting had been noted before and during 
the development of symptoms. The vomit- 
ing was secondary to a variety of causes, 
including pregnancy and _ intestinal ob- 
struction. 

Seven patients had had peptic ulcer at 
some time in the past. This relationship has 
been discussed previously. 


METHODS OF STUDY 


All of the specimens removed in these 
cases were restudied; sketches were made 
and measurements were taken of all gross 
‘pecimens. Longitudinal blocks were cut 
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Fic. 6. Deep, penetrating ulcer at the cardia. Hema- 
toxylin and eosin, <3. 


from these specimens through the entire 
depth of the tissue from the esophageal end 
of the tissue as far distally into the included 
stomach as possible. These blocks were 
rejuvenated with 5 per cent sodium sulfate 
and sectioned at intervals of 160 microns, 
stained with hematoxylin and eosin, and 
mounted as permanent slides. 


GENERAL OBSERVATIONS 


Despite the severity of the disease process, 
the inflammatory process was remarkably 
superficial; others have made the same ob- 
servation. Rarely did the inflammation and 
scarring penetrate the submucosa, even 
when a marked stricture was present. Hy- 
pertrophy of the circular muscle layer was 
seen frequently in the absence of inflamma- 
tion of the muscularis propria. 


Fic. 7. Deep ulceration in a columnar-lined esophagus. 
Hematoxylin and eosin, <3. 
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TABLE I.—SUMMARY OF DATA IN 23 CASES OF MARGINAL ESOPHAGEAL ULCERATION 


Case No. 
Age, Duration, 
and sex SS. Bleeding Vomiting Stenosis Other associated conditions 
1 10 = + Scleroderma 
38 F 
2 10 =_ _ + Esophageal smear showed questionable carcinoma cell; 
69M before operation 
3 2 - - + 
68 F 
4 20 + = + Previous Heller procedure; marked pain 
46 M 
5 5 - - + 
71M 
6 40 - 
57 F 
7 3 - + + Previous repair of hiatal hernia 
64M 
8 3 - - - 
52 F 
9 1 + - - Previous cardioplasty 
34M 
10 2 - + + Previous gastrostomy 
52M 
11 1 = = = 
65 M 
12 2 + - + Previous Heller procedure, pyloroplasty, and gastric 
51M resection 
13 1 ~ - + Previous dilatations 
77M 
14 3 - - + Previous repair of hiatal hernia 
62 F 
48 M 
16 2 - - + Previous pyloroplasty and esophagogastrectomy 
52M 
17 2 + - + Cardiospasm; previous gastroenterostomy and vagotomy 
42 F 
18 12 - - + Previous repair of hiatal hernia 
46 M 
19 4 + - + Previous dilatations 
65 M 
20 } + ~_ - Duodenal ulcer (1936) seen on x-ray 
50 M 
21 12 - - + Cardiospasm; previous esophagogastrectomy and 
67 M cardioplasty 
22 25 + - + Cardiospasm; previous esophagogastrectomy 
42F 
23 12 + 
60 M 
Hernia and dysphagia were present in every case except those indicated by footnotes; + signifies present; —, not present. 


*Dysphagia not present. 
ysp' 


Periesophageal reaction was common; in 
28 of the 36 patients in this series marked 
inflammation was reported by the oper- 
ating surgeon. T'wo of them had deep, pene- 
trating ulcers, and 13 others had undergone 
previous operations, but in the remainder, 
mediastinal inflammation was separated 
from the intraluminal process by an intact 
and normal-appearing muscular coat. Mi- 
nute avenues of extension might be missed, 
but the importance of this is that dense 
inflammation on the luminal surface of the 


esophagus does not preclude a_ healthy 
esophageal wall beneath. 

In contrast, a number of patients were 
seen with thickening of the wall and edema 
and deep-seated inflammation of the mus- 
cular sheath. Specific review of the surgical 
results was beyond the province of this 
report, but perusal of long term results 
indicated that the majority of the patients 
who obtained the least successful results 
from operation were in this group. 

Inflammatory and cicatricial changes 
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TABLE II.—SUMMARY OF DATA IN 13 CASES OF ESOPHAGITIS 


Case No. 
Age, Duration, 
and sex Js. Bleeding Vomiting Stenosts Other associated conditions 
24 8 - + + Duodenal ulcer seen at operation 
47 F 
25 6 _- + + 
36 F 
26 2% + + - Old duodenal ulcer 
41M 
27 4 - - - Carcinoma suspected before operation; spasm by x-ray 
47 F 
28 5 - + + Previous esophagogastrectomy; repeated operations 
57 F 
29* 1 + + + Duodenal ulcer, seen on x-ray 11 years (1945) before 
45 M operation 
30 17 - + + Previous gastrostomy and pyloroplasty for pyloric stenosis 
17M 
31 2 + a — Duodenal ulcer 12 years (1939) 
57M 
+ Previous hernia repair 
46 M 
SOLITARY MARGINAL ULCER = 
33t 3 + High, isolated stricture 
63 F 
15 Duodenal ulcer; resection, 1928 
70M 
ULCERATION IN A COLUMNAR EPITHELIUM-LINED ESOPHAGUS____ 
2 + 
58 M 
36* tf 2 oa Gastric ulcer, 1953 (x-ray) 
42M 
Hernia and dysphagia were present in every case except those indicated by footnotes; + signifies present; —, not present. 


“Dysphagia not present. 
fHernia not present. 


were not always limited to the esophagus, 
but frequently extended into adjacent 
gastric tissue as well. 


CLASSIFICATION 


An attempt was made to classify these 
cases on the basis of the gross and histologic 
appearance. The clinical histories were 
then analyzed to see whether common 
factors underlay the pathologic changes. 
Considerable overlapping was found but 4 
more or less distinct types emerged from 
this process. 

Marginal esophageal ulceration. The group 
of patients (23) exhibiting this condition 
was numerically the most prominent, mak- 
ing up 64 per cent of the entire series. The 
inflammation in these was limited to a short 
segment of the esophagus immediately ad- 
jacent to the junction; in all cases the in- 
flamed segment was less than 3 centimeters 
in length. The ulceration was localized to 


one wall and was superficial, rarely involv- 
ing the muscularis propria (Fig. 2). 

Pathologic changes of both acute and 
chronic nature were seen. Vascular con- 
gestion, necrosis, polymorphonuclear cells, 
and edema were interspersed with areas of 
lymphocytic infiltration and fibrosis. Sub- 
mucosal scarring was taking place con- 
comitantly with epithelial regeneration. 
Thin layers of immature squamous cells 
extended out on a substrate of granulation 
tissue (Fig. 3). Cells resembling young 
columnar cells were seen occasionally, and 
thus the question of inflammatory meta- 
plasia had to be considered. 

These cases are summarized in Table I. 
Hiatal herniation and incompetence of the 
cardial mechanism were universal in this 
group, and the esophagus was from 1 to 5 
inches shorter than normal. The esophagus 
was somewhat fixed in position and the 
hernia was not easily reduced. 
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Despite the superficiality of the ulcera- 
tion, stenosis and stricture were common 
and were the principal complications. No 
penetrations or perforations occurred, and 
only 8 patients experienced any bleeding. 
Eighteen of the 23 had severe, progressive 
stenosis. This was largely the result of sub- 
mucosal changes. 

In summary, this group exhibited: (1) 
superficial ulceration; (2) involvement of a 
short segment; (3) juxtajunctional location; 
(4) shortening of the esophagus; and (5) 
stenosis and stricture. 

Extended linear esophagitis. In this type of 
lesion the inflammation was most super- 
ficial, being limited to the epithelium and 
lamina propria (Fig. 4). The epithelium was 
attenuated or absent, replaced by large 
areas of immature squamous cells, the 
foundation for the rapid healing that may 
occur. The lamina propria was infiltrated 
with lymphocytes and plasma cells and 
marked by fibroblastic activity. Occasion- 
ally, acute inflammatory changes were seen 
as well. 

The muscularis mucosa was widened, the 
muscle fibers being separated by acellular 
eosinophilic material. Little inflammation 
or degeneration of the cells was noted, 
however. The submucosa showed hyper- 
emia in response to the process, as well as 
localized areas of inflammation and scar- 
ring. The muscularis propria was not in- 
volved (Fig. 5). 

These superficial changes occupied rela- 
tively long lengths of the esophagus, in 
every case reaching to the upper end of the 
resected specimen. Distally, the inflamma- 
tion extended to the esophagogastric junc- 
tion, except in 2 cases in which ‘“‘buffer 
zones” of normal squamous mucosa ex- 
tended for 0.5 to 1.0 millimeter. 

Nine cases, or 25 per cent of the series, 
fit this picture; they are summarized in 
Table II. The patients were an average of 
10 years younger than the rest of the pa- 
tients in the series. Eight of the nine had 
experienced repeated vomiting, and 4 had 
associated duodenal ulcers. All had hiatal 


hernias, but only 1 of these was of any 
size, and all were fixed and irreducible. 
Eight of the 9 patients experienced dys- 


phagia or “sticking” of food, and organic | 


strictures were found at operation in all 


of these. Apparently, superficial inflamma- | 


tion does not preclude stenosis and stricture. 

One patient had a stricture of the mid- 
esophagus, with superficial esophagitis be- 
tween there and the cardia. This might be 


confused with ulceration above the gastric | 


mucosa lining the esophagus. 


Despite extension of the disease beyond | 


the limits of resection, 6 of the 8 patients 
surviving operation have obtained relief 
and were doing well 1 to 9 years after op- 
eration. 

In summary, the lesions of this type were 


characterized by superficial inflammation, © 


found on all the interior walls of the esopha- 
gus and extending for several centimeters 
proximal to the esophagogastric junction. 


Solitary marginal ulcer. An entirely different — 


picture was presented by the 2 patients (5, 


per cent) in this group (Cases 33 and 34). 
The inflammation was localized at the junc- 
tion of the stomach and esophagus, which 
was markedly irregular with long inter- 
digitations of squamous and columnar mu- 


cosa. There was no hiatal herniation, and | 


the lesion was located just above the level 
of the peritoneal reflection. 
Deep, penetrating ulcers were seen in 


both cases. The muscularis propria was — 


interrupted with necrosis of muscle fibers 


and surrounding inflammation (Fig. 6). The — 


ulceration was typical of classic peptic ulcer. 


It was impossible to designate this deep — 
ulceration as either esophageal or gastric; — 
the ulcers were situated among the inter- 


digitations and must be considered as ulcers 
of mixed tissue. 

Deep ulceration in a columnar epithelium-lined 
esophagus (Barrett). This was represented by 
a single case (3 per cent) (Case 35), that 
of a man, 58 years old, who had dysphagia, 
regurgitation, and hematemesis. A speci- 


men of gastric tissue was removed through | 
the esophagoscope 12 inches from the upper _ 
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gum margin and 3 inches above a mid- 
esophageal stricture. At operation, a seg- 
ment of tubular gullet extending 5 centi- 
meters above and 7 centimeters below this 
stricture was removed and found to be 
lined by columnar mucosa. A deep ulcer 
involved this abnormal tissue, just distal to 
an area of marked muscular hypertrophy 
(Fig. 7). This appeared to be the type of 
ulcer described by Barrett (6); the only one 
found in this series. 

Unclassified. This case (3 per cent) did not 
fit into any of the categories mentioned. An 
esophageal stricture was found at the level 
of the aortic arch, and the esophagus from 
there to the cardia was normal. The patient 
gave no history of ingestion of toxic material 
and had no evidence of hiatal hernia or 
gastric regurgitation. No pathologic changes 
other than the superficial ulceration and 
submucosal fibrosis at the high level could 
be found. This case is important because 
of the confusion concerning ulceration in 
an esophagus lined with gastric mucosa. 


COMMENT 


‘*Esophagitis” is not a single entity but a 
group of conditions of related origin. Esoph- 
agitis secondary to prolonged vomiting 
differs markedly from that resulting from 
nighttime puddling of gastric secretion by 
passage through an incompetent hiatus or 
from that occurring in an esophagus lined 
by columnar mucosa. Perforation and 
bleeding are two important complications 
bearing a definite relation to the character 
of the esophagitis, as was pointed out. Sim- 
ilarly, the extent of the surgical resection 
necessary to remove completely the disease, 
should it be advisable, varies with the type 
of inflammation. The high anastomosis re- 
quired in an ulcer of the “Barrett type” 
presents entirely different technical prob- 
lems from the limited resection posed by a 
solitary marginal ulcer. 

All types are amenable to surgical treat- 
ment, however, should it be necessary, as 
in the cases described. A few points related 
to the surgical procedure bear mentioning. 
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The inflammation in the esophagus is gen- 
erally superficial even in the presence of 
severe stricture, and rapid epithelial heal- 
ing follows reduction of the acid gastric 
secretions. For the small number of patients 
who have extension of the inflammatory 
process into the muscular sheath, the prog- 
nosis is somewhat poorer. Widespread, 
dense reaction surrounding the esophagus 
in the mediastinum, however, does not pre- 
clude an esophageal wall well-suited for 
anastomotic procedures. 

The precise nature of a high stricture 
should be determined in all cases; when 
columnar mucosa is found lining the lower 
part of the esophagus in these cases, it 
should be removed in its entirety. It is of 
interest that only 1 of the patients in this 
series was found to have a Barrett ulcer; 
this is a considerably lower incidence than 
might have been expected. 


SUMMARY 


The pathologic changes and the clinical 
records were studied in 36 cases of “reflux 
esophagitis,” in all of which resection had 
been carried out at the Mayo Clinic. Four 
types of pathologic appearance were found 
in the resected tissue. There was, of course, 
a certain degree of overlapping. The desig- 
nations applied stem from the work of a 
number of writers. 

The type called “‘marginal esophageal 
ulceration” was the most commonly en- 
countered. Superficial ulceration was lo- 
calized just proximal to the junction of the 
squamocolumnar mucosa. Hiatal hernia- 
tion, incompetence of the cardia, and 
esophageal shortening were common. Steno- 
sis and stricture were the chief indications 
for operation. 

The second type was extended linear 
esophagitis. The tissue studied exhibited 
long segments of superficial ulceration and 
inflammation. The majority of the patients 
with this type of change had histories of 
protracted vomiting, and 4 of the 9 were 
known to have duodenal ulcers. 

The third type of change, solitary margin- 
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al ulcer, consisted of a solitary, deep, pene- 
trating ulcer occurring in an area of inter- 
digitating squamous and columnar mucosa. 
Hernia did not play a part. 


The fourth type was a large solitary deep 


ulcer (Barrett’s ulcer) similar to a gastric 
ulcer, found in an esophagus lined in part 
by columnar mucosa. 
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OBSTETRICAL VIEWPOINTS UPON THE RH FACTOR 


WARREN M. JACOBS, M.D., F.A.C.S., Houston, Texas 


SINCE THE DISCOVERY Of the Rh factor ap- 
proximately 18 years ago, much has been 
written about it from the obstetrical, pedi- 
atric, and clinical pathologic points of view. 
Much confusion exists regarding the obstet- 
rical significance of the fact that an expect- 
ant mother is Rh negative. It is believed 
that a review of cases with emphasis on 
obstetrical viewpoints might help to clear up 
much of the existing confusion. 


INCIDENCE OF ERYTHROBLASTOSIS DUE TO RH 
INCOMPATIBILITY 


Since 14 to 15 per cent of the American 
white population is Rh negative, about 12 
per cent of all marriages will be incom- 
patible from an Rh standpoint, i.e., the wife 
Rh negative and the husband Rh positive. 
Potter states that the incidence of erythro- 
blastosis fetalis due to Rh incompatibility 
occurs in approximately 1 out of every 252 
pregnancies (all Rh types) and in 1 out of 
every 37 Rh negative mothers. Levine states 
that the incidence is 1 in 150 pregnancies 
(all Rh types) and 1 in every 26 Rh nega- 
tive mothers. In the present study, 60,824 
pregnant patients were examined. Of that 
number, there were found 8,515 Rh nega- 
tive mothers who gave birth to 135 infants 
affected by hemolytic disease. The inci- 
dence in all pregnancies was found to be 1 
in 450 and the incidence among Rh nega- 
tive mothers to be 1 out of 62. 

The incidence in this study is much lower 
than that stated by both of the previous 
authors. The only explanations offered are 
that: in this study, erythroblastosis from 
other causes was carefully excluded, and 
also some previable abortions due to Rh 
incompatibility were obviously, although 
inadvertently, omitted. 


From the Department of Obstetrics and Gynecology, Baylor 
University College of Medicine, and Methodist and St. Joseph’s 


Hospitals, Houston, Texas. 
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However, even if one takes Potter’s figure, 
which is median, it can be seen that most 
Rh negative women can have children who 
are Clinically unaffected by erythroblastosis 
fetalis. 


METHODS OF IMMUNIZATION 


Immunization to the Rh factor may occur 
in two ways, either by blood transfusion 
with Rh positive blood, or by a previous 
pregnancy in which the infant was Rh posi- 
tive. In this series, it was found that 113 
women had been immunized by previous 
pregnancies, and 22 by blood transfusion. 
Of the latter number, 14 were immunized 
by intravenous transfusion, and 8 by intra- 
muscular transfusion; and of the 8, three 
had been given intramuscular blood when 
they themselves were infants. Fortunately, 
this practice has been discarded. 


INVESTIGATION OF THE PATIENT 


Certain information must be obtained on 
both primigravidas and multigravidas for 
an Rh negative history. In both instances 
a history must be obtained of transfusion, 
the genotype of the husband, titer studies 
and indirect Coombs’ test at 37 weeks, and 
studies on cord blood at the birth of the 
baby. In addition, from multigravidas must 
be obtained a history of the previous preg- 
nancy or pregnancies, the Rh status of 
previous children, and titers and indirect 
Coombs’ test in early pregnancy, i.e., before 
the fourteenth week. This information en- 
ables one to make a fairly accurate predic- 
tion as to the outcome in a given case. Since 
there is no definite correlation between titer 
strength and the severity of the disease, a 
great deal of reliance cannot be placed on 
titer studies. Titer rise, although of some- 
what more significance, is again not infalli- 
ble as it must be remembered that false titer 
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TABLE I.--FETAL OUTCOME 


Duration of 

pregnancy, Total No. Neonata! 

weeks deliveries Stillborn deaths Survived 
9 7 2 0 
16 5 6 5 
37 and over........ 110 14 20 76 


rises (anamnestic reactions) may occur. At 
present, a study is in progress attempting to 
correlate blocking and agglutinating titers 
as well as quantitative indirect Coombs’ 
tests with presence and severity of the dis- 
ease in the newborn infant (2). 


TIMING OF DELIVERY 


Practically all authors agree that prema- 
ture termination of pregnancy is undesirable 
as the combination of prematurity and 
erythroblastosis is very hazardous. Table | 
shows the fetal outcome regarding the 
period of gestation. In contrast to premature 
delivery, so-called preterm delivery, i.e., 
when the baby is considered mature (more 
than 37 weeks), has been advocated by 
many and is thought to have some value, 
although real proof is lacking. A preterm 
induction should be done only if obstetrical 
conditions for induction are favorable and 
the baby is of reasonable maturity. 


MANAGEMENT OF THE BABY 


Immediately after birth, a complete 
blood count, serum bilirubin, direct Coombs’ 
test, and determination of the Rh status 
should be done on cord blood. The cord 
should be left long and kept moist because 
it will be used in the exchange transfusion 
if such is necessary. The cord should be 
ligated early to prevent an excess transfer of 
antibodies. Early exchange transfusion is 
the most important weapon in combating 
erythroblastosis fetalis. 

Of the 67 infants exchanged, 59 lived and 
8 died. Of the 40 infants who were not ex- 
changed, 22 lived and 18 died. 


FUTURE PREGNANCIES 


Future pregnancies constitute one of the 
most important aspects from an obstetrical 
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standpoint, and advice about them should 
be given only after very careful evaluation. 
The genotype of the husband must be con- 
sidered because the heterozygous husband 
has a 50 per cent chance of producing a sub- 
sequent Rh negative baby which will be 
unaffected by hemolytic disease of the new- 
born. In discussing future outlook for Rh 
negative mothers, these mothers may be 
classified into four general groups. 

1. Group A includes nonimmunized 
mothers, as shown by no maternal titer 
studies at any time during the course of any 
pregnancy, and the fact that all children 
delivered to these mothers showed no clini- 
cal or laboratory evidence of hemolytic dis- 
ease of the newborn. This group also in- 
cludes mothers who had delivered no previ- 
ously affected infants but who might have 
had a very weak titer during the course of 1 
or more pregnancies. In this group, the 
genotype of the husband is of little or no 
consequence. The vast majority of babies 
born to this group will be completely un- 
affected. Of the small minority of babies 
who will be affected by erythroblastosis fe- 
talis, approximately 95 per cent will be only 
mildly affected and will survive with ap- 
propriate therapy (1). 

2. Group B includes mothers having de- 
livered 1 or more mildly to moderately 
affected infants who survived with appro- 
priate therapy. All subsequent Rh positive 
children will be affected, hence the geno- 
type of the husband is important. The sur- 
vival rate in a subsequent pregnancy with 
adequate treatment is approximately 65 to 
70 per cent. 

3. Group C includes mothers who have 
delivered 1 or more live-born infants severe- 
ly affected with hemolytic disease of the 
newborn and dying in the immediate neo- 
natal period in spite of all therapy. All sub- 
sequent Rh positive children will be 
affected, therefore, the genotype of the hus- 
band is very important. Potter states that 
between 10 and 20 per cent of Rh positive 
children born to this group of mothers will 
survive with appropriate therapy. In a 
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similar study by this author, the survival 
rate in this group was zero (1). Unless the 
husband is heterozygous positive, the out- 
look is poor. 

4. Group D inclues mothers having de- 
livered 1 or more stillborn infants due to 
erythroblastosis fetalis. All subsequent Rh 
positive children born to this group of 
mothers will be affected, therefore, the geno- 
type of the husband is important. Potter 
states that less than 10 per cent of subse- 
quent Rh positive children born to this 
group of mothers will survive with appropri- 
ate therapy. In a similar study by the pres- 
ent author, the survival rate for this group 
was zero (1). Unless the husband is hetero- 
zygous positive, the outlook is poor. 


SUMMARY 

A review of 135 cases of erythroblastosis 
fetalis due to Rh incompatibility is pre- 
sented and discussed from the standpoint of 
incidence, obstetrical management, and 
future prognosis of the Rh negative parturi- 
ent. The latter consideration is stressed and 
the criteria for stating a prognosis are listed. 
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EDITORIALS 


FOR DISASTER 


RATIONALE AND PRINCIPLES OF PLANNING 


JOSEPH R. SHAEFFER, M.D., F.A.C.S., Washington, District of Columbia 


‘THE MERE INCLUSION of the word disaster in 
any title will turn most physicians from the 
article. That attitude is why such an edi- 
torial as this needs to be written. 

An analysis of several major civilian disas- 
ters of the recent past in which hundreds of 
casualties occurred almost simultaneously is 
highly instructive. Professional response was 
invariably prompt. Professional care was 
carried out with reasonable competence and 
devotion. Professional selflessness often ex- 
tended to extreme personal risk and great 
personal sacrifice. Nevertheless, a review of 
these disasters also brings to light acts of 
omission and commission which practically 
always could be explained by lack of ad- 
vance consideration and planning for such 
situations. To that end the following sug- 
gestions are made. 

All disasters, whether natural or man- 
made, have two common characteristics. 
The first is their precipitate occurrence. The 
second is the compelling urgency for imme- 
diate action if lives and limbs are to be sal- 
vaged. All rescue efforts are necessarily a race 
with time. There are no opportunities for 
reflection. Uncertainty and indecision simply 
enhance the initial consequences. Ideal ther- 
apy is impossible. Compromises must be em- 
ployed and must be continued until the full 


Colonel Shaeffer, retired, formerly Consultant on Medical 
Care in Disaster, to the Surgeon General of the Army, Wash- 
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488 


extent of the medical problem has been 
revealed and adequate medical capabilities 
have been mobilized into effectiveness. Less 
than ideal treatment is always repulsive, but 
in a disaster it will entail fewer penalties if it 
has been realistically considered and planned 
for in advance. Any study which reduces the 
requirement for snap judgment caused by 
unfamiliarity must have appealing merit. 

Is such planning really essential? It most 
certainly is. The universal problems present 
in the initial phase of any disaster are those 
of rescue and care for the surviving injured. 
War has become a part of man’s struggle for 
existence. He uses periods of so-called peace 
for perfecting better modalities for destroy- 
ing his enemies. War has ceased to be a 
series of jousts between opposing professional 
combat units. Now it includes strategic at- 
tacks upon industrial communities which 
manufacture the materials of war and upon 
noncombatants who are particularly vulner- 
able to injury. All are aware that atomic 
energy and thermonuclear energy, which 
albeit could add immeasurably to the im- 
provement of man’s way of life, were dis- 
covered and developed to improve the war 
potential. The objective of all war effort is to 
incapacitate. This is readily accomplished 
through injury which paralyzes effectiveness. 
With a flash of light vast areas can now be 
devastated and thousands upon thousands 
of people killed or crippled. Time and dis- 
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tance are no longer protective barriers for 
such missiles can be delivered great distances 
at supersonic speeds. 

Even if one practices wishful thinking and 
assumes that a nuclear war need not be 
prepared for because it will never come, we 
must still cope with major disasters of natural 
origin and with other man-made disasters. 
The rapid growth and concomitant general 
distribution of the population have apprecia- 
bly increased the lethal consequences of 
natural disasters. Expansion and dispersion 
have reduced the probabilities of immunity 
from such experiences for more and more 
people. The meteorite which fell from outer 
space 40,000 years ago and blew a mile and 
a half hole in what is now Arizona would 
today kill many thousands of persons almost 
anywhere in the world it fell. Man’s drive 
for mechanical perfection, with emphasis on 
speed, and his restless tendency to move 
about have exposed him to greater and 
greater hazard and injury, often to mass in- 
jury in the air as well as on land and sea. 
His scientific accomplishments in many fields 
have brought him some evil along with the 
good. Overconfidence and carelessness are 
his travelling companions limiting his ave- 
nues of escape. With better management of 
his diseases, injury becomes a more promi- 
nent protagonist. Well over 10,000,000 acci- 
dental injuries are recorded each year in 
our nation, most of which are preventable. 
Trauma today is everyone’s concern. 

How are we preparing for such disasters? 
To date, not very well. The first need in 
disaster management is mobilization of med- 
ical resources to assure appropriate treat- 
ment for the survivors. The medical profes- 
sion in the United States with considerably 
less than 200,000 active practitioners is re- 
sponsible for the medical and surgical re- 
quirements of a population of 175,000,000. 
Since no one knows where disaster will strike, 
the responsibility is both local and universal. 
Though local response is unquestioned in 
major disasters, mobilization of medical sup- 
port frequently extends for great distances. 
Maximum effectiveness invariably demands 
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predisaster planning, organization, and 
training, the training to include first aid, 
transportation of the injured, and hospital 
organization that can function as a team. 
Today the profession has hardly begun to 
organize, most communities have no plans, 
while such plans as do exist are generally 
inadequate and superficial, or equally defec- 
tive in that they are unfamiliar to most and 
have not been co-ordinated with the many 
disciplines expected to respond to the alert. 
During the period immediately following 
a disaster there are two medical require- 
ments—emergency care for the survivors, 
followed by their transportation to a hospital 
or other emergency facility in a zone of 
relative safety in which they can receive 
definitive care. Both problems are surgical in 
concept, and plans and policies must be 
formulated by surgeons, but by definition 
and connotation first aid has become the 
responsibility of the layman for the very 
practical reason that the physician is seldom 
on the scene when disaster occurs. In a 
nuclear disaster it will be doubly necessary 
for the layman to assume this responsibility, 
for the already limited number of physicians 
will be further reduced by death and injury, 
and those who survive must devote them- 
selves to directing those with less experience 
and all surgeons will be restricted to very 
simple procedures. It is no more than 
realistic to conclude that the survival of 
many casualties will depend upon the pos- 
session by lay individuals of the knowl- 
edge of how to control hemorrhage, 
maintain respiration, immobilize fractures, 
bandage wounds, combat shock, and handle 
casualties safely during transportation to a 
hospital facility. The possession of such 
knowledge implies that the voluntary sub- 
stitute for the physician has been properly 
trained and further implies the general par- 
ticipation of the medical profession in the 
peace-time training program. In terms of 
total national defense, if this is not a medical 
responsibility then pray tell whose is it? 
Because lines of communication usually 
break down promptly in a disaster, the true 
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magnitude of the total casualty load is sel- 
dom immediately known. It must be assumed 
that it will be heavy and certainly in excess 
of the immediately available capabilities to 
give prompt treatment to all. Walking 
wounded invariably arrive first at the hos- 
pital proximate to the disaster area. They 
must be diverted—by previous planning— 
to other temporary facilities. Otherwise they 
will occupy beds at the expense of the more 
seriously injured who will be brought in 
later. The unrestricted admission of casual- 
ties, without evaluation of their needs by ef- 
ficient preadmission sorting (triage) will lead 
to overcrowding, and this will lead to de- 
terioration of the work of the staff. The pro- 
ficiency and capability of the medical staff 
and not the number of casualties for admis- 
sion determine any hospital’s capabilities. 

Casualty sorting is the key to any disaster 
management if the greatest good is to be 
accomplished for the greatest number. When 
a point of maximum effectiveness, which 
should have been established previously by 
the experiences of dry runs, is reached for any 
hospital, then the stream of casualties must 
be diverted to another facility or the less 
seriously wounded who have been admitted 
must be moved to make space for those in 
greater need. Authoritative control of ad- 
missions in accordance with previously de- 
termined physical and professional capabili- 
ties perhaps seems harsh, but it is opera- 
tionally sound and it offers the best means 
of assuring maximum efficiency in patient 
care and therefore in terms of survival. 

Because all good surgery is timed as well as 
planned, secondary sorting is necessary 
within the hospital. Operating room space is 
limited. So is the number of operating sur- 
geons. Many casualties require resuscitative 
therapy if they are to withstand the addi- 
tional insults of surgery and anesthesia. Pri- 
orities often change as the time lag lengthens 
between injury and the availability of operat- 
ing room space and surgeons. Some casual- 
ties will improve in the interim and surgery 
may be deferred. Others will deteriorate 
and their priorities must be advanced. 
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In many respects, preadmission sorting of 
casualties is as important as the act of opera- 
tion. It should be the assignment of surgeons 
with wide experience in the field of trauma. 
Keeping continuous vigil over casualties 
awaiting surgery is a full-time responsibility. 
The surgeon in charge of it must not become 
involved in the operating room in other than 
a consultant capacity until he has been 
formally relieved of his preoperative duties 
by a surgeon of equal competence. This is 
another phase of disaster surgery which re- 
quires specific advance planning. 

How well are surgeons prepared and 
trained for their role in disaster surgery? 
Unfortunately, not too well. A few years ago, 
in his oration on trauma before the American 
College of Surgeons, a leading authority in 
this field stated as his considered opinion 
that the accidentally injured would, in gen- 
eral, be likely to receive better treatment 
from a Boy Scout, first class, than in the 
emergency receiving rooms of most hospitals. 
The indictment was perhaps too sweeping, 
but it reflects the still current status of train- 
ing in trauma. The necessary and proper 
trend toward specialization in the last half 
century and, more particularly, during the 
last decade, has crowded out less exotic sub- 
jects, and trauma now occupies a minimal 
place, if it appears at all, in most school 
and training programs, though it is far more 
prevalent than a great many widely preva- 
lent diseases. Furthermore, most of the 
young men now in medical school or serving 
as interns and residents in hospitals will be 
called upon to serve time in the Armed 
Forces; not all of them can be specialists, 
and those in command should be able to 
assume that these young officers have had 
sufficient training in trauma to assume 
responsibilities for it. The assumption is sel- 
dom warranted. 

There are some evidences of improvement. 
The American College of Surgeons, the 
American Association for the Surgery of 
Trauma, and the National Safety Council 
have recently joined hands in a frontal 
attack on this deficiency. This combined 
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effort should lead to a more universal interest 
not only in the prevention of accidental 
trauma but in its proper management under 
all conditions of fate including disaster. More 
and more papers on the subject are begin- 
ning to appear on the programs of national 
and local medical associations. Medical Edu- 
cation for National Defense (MEND) pro- 
grams have been adopted by 55 of our 
medical schools, and it is to be hoped that 
trauma will be vigorously emphasized in 
these programs. The Fracture Manual of the 
‘Trauma Committee of the American College 
of Surgeons and its more recent companion 
titled Acute Soft Tissue Injuries continue to 
grow in popularity as ready references. The 
NATO Handbook on Emergency War Surgery 
has been reproduced as a United States 
edition by the Department of Defense. Each 
of these texts has given due recognition to 
the medical problems peculiar to casualty 
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management en masse such as occur in a 
major disaster. 

But a great deal remains to be done. 
Greater emphasis must be placed upon the 
teaching of trauma in our medical curricula 
and in our internship and residency pro- 
grams. The specialist and nonspecialist must 
be included in the training. Paramedical per- 
sonnel and lay personnel must be trained in 
their responsibilities. ‘The continuing down- 
grading of trauma, whether conscious or 
otherwise, is simply inconsistent with the 
facts of the situation. National survival may 
yet depend not only upon the emphasis 
placed on trauma in our medical schools 
and teaching hospitals but upon the extent 
to which first aid and training for survival 
becomes a nation-wide responsibility. In this 
effort the medical profession at large and 
surgeons in particular become responsible 
agents. For all of us—it is later than we think. 
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WOUND COMPLICATIONS 


W. ANDREW DALE, M.D., F.A.C.S., Nashville, Tennessee 


ATTENTION to the effect of operative tech- 
nique upon surgical wound complications is 
particularly appropriate in the midst of 
great lay as well as medical concern with 
staphylococcal infection. Spurred by the 
bacteriologists and statisticians as well as by 
magazine and newspaper reports, many in- 
vestigations into causes and _ preventive 
methods are in progress, and it is hoped that 
these will materially aid in reducing wound 
infections. 

During this period of concern about 
wounds, it is pertinent to suggest that the 
operative management of many wounds is 
considerably less than good, despite wide- 
spread lip service to proper concepts. An 
atraumatic and delicate technique of wound 
and tissue management is still the best way 
to avoid infection and insure primary heal- 
ing since all wounds very quickly become 
contaminated with organisms which must 
be handled by the defensive mechanism of 
the body. Lack of attention to the wound 
may occur because of concern for the deeper 
part of a complicated operation. Undue 
reliance upon antibiotics also may cause 
unconcern with well established facts of 
wound healing. 

Deplorable acceptance of certain wound 
complications as inevitable must be re- 
placed by critical concern over any compli- 
cation as possibly being due to surgical 
error in management or technique. The 
attitude that because a complication has 
often occurred in the past it can be accepted 
is not justifiable. Not too long ago the com- 
mon postoperative ‘“‘ether pneumonia” was 
finally shown usually to be preventable by 
proper management. Today there is often 
an acceptance of wound dehiscence as 
due largely to nonpreventable causes such 
as cancer, malnutrition, avitaminosis, or 
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coughing rather than to error in surgical 
judgment in determining how to make or to 
close the wound originally. Since secondary 
closure usually results in healing, the initial 
closure probably would have done the same 
if the proper method had been selected for 
the individual situation. Recognition of this 
complication as an error in surgical judg- 
ment of how to close the wound will result 
in considerably more critical evaluation of 
each wound and should lower the incidence 
of wound dehiscence which at the moment 
appears to be too high and too lightly ac- 
cepted. A similar example appears to exist 
in amputation surgery where a survey of 
experience as well as conversation with 
others leads to the belief that many accept 
wound complications of amputation as very 
often inevitable. Here again it has been 
demonstrated that proper selection of op- 
eration and management of tissue will pro- 
duce primary healing in practically all pa- 
tients. 

The principles of proper wound manage- 
ment are too well known to be repeaied. 
All center upon the least possible cellular 
damage. Their violation appears more a 
matter of inattention than of ignorance 
among surgeons. Inquiry by case study as 
well as by personal query indicates that 
wound results are dependent upon the sur- 
geon’s technique and that some are con- 
siderably better than others. 

Recognition of wound complications as 
being in general related to personal surgical 
technique and management will foster con- 
siderably more interest and progress than 
any committee investigation. Preventable 
complications must be honestly recognized 
as such by every surgeon and not labeled 
casually and passed off blamelessly as an 
act of God. 


| 
DE: 
phy 
1m] 
sive 
ger 
the 
ha’ 
res 
ext 
shi 
§ 

co 
— ga 
H A 
tu 
mt 
a ti 

a D 
n 
t 


THE SURGEON AT WORK 


THE SURGICAL RELIEF OF URINARY INCONTINENCE 


IAN M. THOMPSON, M.D., Ann Arbor, Michigan 


DesPITE a gradual clarification of much of the 
physiology of bladder function and the constant 
improvement in diagnostic techniques, permis- 
sive of a differentiation of mechanical and neuro- 
genic disturbances associated with incontinence, 
therapeutic and particularly surgical endeavors 
have generally produced inconstant or equivocal 
results all too frequently occasioning justifiable 
apprehension in their utilization. A notable 
exception has been in the application of the 
surgical procedure of cystourethropexy (Mar- 
shall, Marchetti, Kranz modification) to the 
problem of stress incontinence in women. A 
generally successful personal experience with 
cystourethropexy in instances of pure stress in- 
continence prompted certain postulations re- 
garding the mechanisms at work in the allevia- 
tion of the incontinence and fostered a presump- 
tion that the surgical precepts involved might be 
equally applicable to other manifestations of 
basically mechanical incontinence. Such surgical 
therapy was thus proposed for a group of pa- 
tients in whom the vesicourethral defects pri- 
marily involved a lack of peripheral resistance 
and in whom no detrusor deterioration mitiga- 
tive of potentially satisfactory urinary evacua- 
tion existed. 


DIAGNOSTIC PREREQUISITES 


Certain factors in the application and per- 
formance of cystourethropexy have gradually 
matured from experience in the area of pure 
stress incontinence and must be mentioned here. 
Examination of the various causative factors and 
the manifold clinical characteristics of inconti- 
nence engenders the concept that a basic cate- 
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gorization would distinguish only mechanical 
and neurogenic types. This division of organic 
urinary incontinence into mechanical and 
neurologic entities seems quite tenable but in no 
way belies the occurrence of mixed forms, and 
thus careful diagnostic study is imperative. The 
mechanical may be distinguished from the 
neurologic in that normal neurovesical dynamics 
are actually or potentially demonstrable. The 
neurogenic pathogenesis for incontinence may 
range from hyperactivity of expulsive forces to 
patulousness of the vesical outlet, and may appear 
clinically identical with mechanical forms until 
the basic normalcy of bladder function in the 
mechanical disorder is contrasted with the 
usually well defined neurovesical and peripheral 
deficits of the neurogenic. Evaluation of incon- 
tinence must, therefore, include cystometric, 
cystoscopic, and careful neurologic studies to 
preclude the embarrassment of therapeutic 
failure due to inadvertent confusion of neuro- 
vesical dysfunction with simple mechanical 
bladder outlet failure. 


SURGICAL FACTORS 


Although the standard operative technique of 
Marshall and associates has generally been 
adhered to, variations have been occasioned by 
the degree of incontinence encountered and more 
pertinently by certain theoretic concepts which 
have appeared to explain the reason for the 
success of the operative procedure. The in- 
constancies of pubic periosteal suture placement 
have been obviated with the passage of the 
urethrovesical sutures diagonally upward through 
muscle and fascia to be tied to the contralateral 
line of sutures; and relative to the severity of the 
incontinence these sutures may be carried up the 
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Fic. 1. Excretory pyelogram has filled the bladder with 
opaque medium, and the completely continent vesical neck 
is seen riding high in the pelvis. A urethral catheter has 
been passed into the perivesical space. 


lateral bladder wall as far as is necessary for the 
production of appropriate outlet resistance. 


CASE REPORTS 


The first patient treated by this method was a 
4 year old boy with a complete epispadias who 
was continually incontinent of urine. The open- 
ing into the bladder permitted visualization of 
the posterior urethra and the entire area of the 
vesical neck. Endoscopy demonstrated a well 
defined prostatic urethra posteriorly with little 
if any evidence of muscle anteriorly. Cystometric 
and neurologic examinations were within nor- 
mal limits. Suprapubic cystourethropexy was 
carried out and, postoperatively, the child was 
immediately continent of urine. He voided with 
a good stream and emptied his bladder com- 
pletely 5 or 6 times daily. The boy has been ob- 
served for over a year and a half since operation 
and has normal micturitive habits; the urine is 
uninfected and he carries no residuum. Repair 
of the epispadias will be undertaken subse- 
quently. 

The second patient was a man who had 
suffered complete loss of urinary control follow- 
ing transurethral resection of the prostate. 
Cystometric and neurologic examinations were 


deemed within normal limits, but cystoscopic 
evaluation revealed that the transurethral resec- 
tion had involved the external urethral sphincter. 
The patient had been most unhappy with the 
appliances for urine collection and was receptive 
to the suggestion that some measure of urinary 
control might be achieved by cystourethropexy. 
The operation was carried out and following the 
procedure, the patient was continent. Fever de- 
veloped following removal of the catheter and it 
was assumed that there was a urinary residuum; 
however, the febrile episode responded to the 
administration of tetracycline without reinstitu- 
tion of catheter drainage. Although, initially, 
the patient strained to void, in the year since 
operation it has been noted that there is a 
critical amount of urine which the bladder can 
completely control. Sporadic yet scant seepage 
will occur with stress if this capacity is exceeded. 

The third patient, a man who had been sub- 
jected to total perineal prostatectomy for early 
carcinoma initially following the procedure had 
been completely incontinent but within 6 months 
had experienced sufficient return of control that 
the incontinence represented only a severe stress 
type of urinary leakage. Cystometric and neuro- 
logic examinations appeared to be normal. At 
cystoscopy the vesical orifice gaped and the nor- 
mal length of posterior urethra was not evident; 
the external urethral sphincter appeared intact, 
however, and could be contracted. It was noted 
at the start of bladder filling that the vesical 
neck musculature was almost in apposition, but 
as filling proceeded it widened increasingly. The 
patient was encouraged to undergo suprapubic 
urethrovesical suspension, and subsequent to the 
procedure he appeared to be completely conti- 
nent. This man has been followed up for over a 
year and has complete urinary control. 

The fourth patient was a boy of 15 years who 
had neither bowel nor bladder control from the 
time of birth. A rather extensive lumbosacral 
spina bifida was evident by roentgen exami- 
nation, and on neurologic examination there 
was saddle anesthesia in addition to an absent 
bulbocavernosus reflex. The bladder capacity 
was less than 2 ounces, vesical sensation was 
absent, and there were no uninhibited contrac- 
tions visible in the cystometric curve. Bowel 
control had been accomplished by enemas and 
a constipating diet. Neurosurgical exploration of 
the lumbosacral spinal cord was carried out to 
exclude the possibility of a congenital tethered 
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cord in association with the spina bifida, in the 
hope that relief of cord tension might dispose to 
a return of more normal neurovesical dynamics 
(4). At exploration, the spinal cord was found 
to be anomalous; the conus medullaris and 
cauda equina were represented by 3 nerve trunks 
from which a variety of nerve filaments were dis- 
persed. Electric stimulation during cystometry 
revealed that the 2 lateral trunks had potential 
vesical connections since weak but measurable 
vesical contractions were visible. At cystoscopy a 
markedly trabeculated bladder of small capacity 
and a widely patulous outlet were found. Ex- 
cretory urograms indicated normal function, 
and a cystogram gave no evidence of ureteral 
reflux. In view of the boy’s otherwise normal 
status it seemed appropriate to search for a solu- 
tion to the incontinence other than by a urine 
collection apparatus. It appeared reasonable 
to assume that if bladder capacity could be en- 
larged and the vesical neck area made more re- 
sistant, the bladder could perhaps serve as a 
more competent reservoir. Ileocystoplasty and 
concomitant urethrovesical suspension were de- 
cided upon. A cat tail type of union between 
ileum and bladder was accomplished while 
cystourethropexy was performed in the standard 
manner. When the catheter was removed in 7 
days, the patient was not immediately continent, 
but gradually over a period of 2 or 3 months 
continence was achieved. The patient voids with 
abdominal straining but the bladder empties 
almost completely. The postoperative period 
was plagued by a severe urinary tract infection 
but subsequently, and for over a year, the urine 
has been clear. 

The fifth patient was awoman. During a preg- 
nancy marked vulvar varicosities had developed, 
and at the seventh month she was inadvisedly 
subjected to ligation of the dilated veins. Bleeding 
became so profuse that cesarean section was 
necessary. Hemostatic sutures placed in the in- 
troital areas subsequently induced necrosis of the 
entire urethra and a portion of the vesical neck, 
resulting in total incontinence of urine. Pelvic 
examination revealed a complete absence of the 
urethra with a transverse band of tissue separat- 
ing bladder mucosa from the vaginal mucosa. 
Endoscopic study confirmed the absence of the 
urethra and vesical neck but delineated no other 
abnormality. The cystometric curve was normal. 
Cystourethropexy although irresolutely sug- 
gested, was carried out at the patient’s insistence. 


Fic. 2. Injection of opaque medium through the ure- 
thral catheter demonstrates perivesical extravasation. 


Subsequent to removal of the catheter on the 
fifth postoperative day, the patient was im- 
mediately completely continent and has so re- 
mained with the exception of one episode of 
bacterial cystitis when urgency apparently pro- 
duced some urine leakage. 


COMMENTS 


It is of interest to note that every therapeutic 
measure which has been applied to stress in- 
continence has embodied the tacit assumption 
that the problem primarily involves a patulous- 
ness of the urethrovesical outlet since most cor- 
rective procedures, ranging from anterior col- 
porrhaphy and plication to muscle and fascial 
sling operations, have tended to diminish the 
caliber of the outlet. It remained for the success 
of cystourethropexy to point out that, although 
the basic assumption of urethrovesical outlet 
patulousness in most instances of stress inconti- 
nence is a correct one, previously employed 
reparative measures had been misdirected. The 
therapeutic rationale of anterior colporrhaphy 
and plication revolves primarily about urethral 
and bladder floor support, yet in many instances 
patients with pronounced pelvic relaxation give 
no evidence of incontinence, and conversely 
leakage of urine under stress may occur in pa- 
tients with no apparent pelvic floor relaxation. 
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The promulgation for the performance of the 
sling operation and the contention that it would 
produce not only support but angulation at the 
urethrovesical junction was based upon the sup- 
posed responsibility of such an angulation for 
the maintenance of continence in the normal in- 
dividual. The realization that sling procedures 
produced either permanent stricture or a recur- 
rence of incontinence subsequent to resorption 
of scar tissue compression paralleled the decline 
in their utilization. Initially, cystourethropexy 
was assertedly productive of a more normal 
urethrovesical angle; more recent information 
has brought out the lack of importance of such 
angulation as a basic mechanism for continence. 
In essence, irrespective of minor technical varia- 
tions, cystourethropexy accomplishes a diminu- 
tion in the caliber of the urethrovesical outlet 
primarily by elongation of the urethral and 
vesical neck area components, very much in the 
fashion a ring may be pulled over a hankerchief. 

The recent studies of Lapides regarding the 
mechanism of normal urinary control have 
forcibly implied that there is a critical length of 
vesical neck and urethral musculature necessary 
for the maintenance of continence; additionally, 
that normal tubular prolongation of bladder 
smooth muscle constitutes practically the entire 
urethra in the female and the posterior urethra 
in the male and that this muscular tube is the 
functional control center. Continence of urine 
then is normally a consequence of cohesive, tonic, 
coaptation of the tapered funnel of smooth mus- 
cle which constitutes the vesical outlet. The crux 
of the ability of the bladder to hold urine as 
Caine and Edwards and Lapides have shown 
rests in the inherent tonus of the smooth muscle 
of the vesical outlet, a tonus productive of the 
coaptation prerequisite for continence. This 
particular factor has often been apparent clini- 
cally yet its significance has improvidently been 
overlooked. The ability of the intact or isolated 
vesical outlet to maintain continence is well il- 
lustrated in the reproduction of an excretory 
pyelogram in an individual with a pelvic fracture 
and a shearing injury, resulting in a separation 
of the bladder and posterior urethra from the 
membranous urethra (Figs. 1 and 2). Excretion 
of medium has produced a cystogram outlining 
vividly the inherent tonus of the vesical outlet, 
capable of keeping the urine in the bladder and 
obviating any extravasation of the contrast 
medium. 


It is then a deviation from the tonic controlled 
coaptation of the vesical outlet musculature 
which customarily produces the prevalent types 
of mechanical incontinence, the most common 
of which is referred to as stress incontinence, 
seen almost exclusively in women. The etiology 
of stress incontinence must certainly be referable 
to the pelvic floor muscle relaxation which might 
be expected subsequent to the repeated exigencies 
of childbirth and suggests that a sagging atonic- 
ity of the urethral and vesical outlet muscula- 
ture is the factor productive of the incontinence. 

The etiology of another seemingly mechanical 
form of incontinence, that which may occur 
subsequent to radical prostatectomy, would, in 
the light of recent information, stem from the 
removal of the posterior urethral musculature 
leaving the vesical neck in a tenuous state of 
control with resultant stress seepage of urine. In 
this instance, voluntary contraction of the 
striated external sphincter muscle will permit 
momentary control, yet incontinence immedi- 
ately supervenes upon its relaxation, demonstrat- 
ing the importance of the smooth muscle tonus 
normally responsible for control. When trans- 
urethral prostatic resection inadvertently in- 
volves the external urethral sphincter, inconti- 
nence results because of the concomitant at- 
tenuation of the posterior urethral smooth mus- 
culature allowing for neither voluntary, striated 
muscular, nor involuntary, smooth muscular 
coaptation to control the storage of urine. Either 
foreshortening or attenuation of the outlet mus- 
culature can result in incontinence which will 
vary in intensity only with the degree of muscle 
weakness. 

Analysis of the factors seemingly responsible 
for the restitution of urinary control in women 
with stress incontinence led to a postulation that 
elongation and narrowing of the outlet muscula- 
ture were of primary importance, and it re- 
mained for Lapides’ work to clarify the physi- 
ologic rationale for this assumption. It had 
become apparent from experiences with cys- 
tourethropexy in women with stress incontinence 
that there were two factors of primary impor- 
tance governing the prognosis which were 
equally applicable to any problem of below 
normal peripheral resistance. Surgical success in 
the production of coaptation of the vesical outlet 
musculature is dependent primarily upon the 
presence of potentially normal muscle in the 
area under consideration. Urethral or vesical 
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neck musculature which has been overly attenu- 
ated or has become fibrotic cannot be expected 
to attain the normal functional characteristics of 
smooth muscle irrespective of the degree of 
tubular elongation or the diminution in caliber 
which may be achieved surgically. In this re- 
spect the arrest of incontinent seepage of urine 
by digital compression of the vesical outlet area, 
a test which has been publicized as diagnostic of 
stress incontinence and prognostic of the proba- 
bility of cure, may be relegated to a deserved 
oblivion. Conclusive assurance that the muscula- 
ture will be adequate to carry out normal func- 
tion is obviously impossible to obtain, but 
cystoscopic evaluation and subsequent surgical 
visualization of the outlet muscles can provide a 
certain gross measurement of potential function 
and influence the course of the surgical pro- 
cedure. The realization that the degree of in- 
continence and extent of outlet relaxation vary 
from one patient to another enforces the con- 
clusion that the extent of the operative procedure 
must be varied in reference to the severity of the 
incontinence and concomitant relaxation or 
attenuation of the outlet musculature. In 
certain instances, in order to produce adequate 
muscular tubularization, it would appear neces- 
sary to carry the lateral sutures farther up the 
bladder wall and perhaps to incorporate wedge 
resection of redundant tissue in order that the 
outlet musculature will be in apposition through 
a greater tubular length. 


SUMMARY 


The results achieved in what initially would 
appear to be a diverse group of incontinent pa- 
tients engender the realization that the defect in 
this entire group was basically identical with the 
problem encountered in the stress incontinence 
of women. In this light it would have been 
reasonable to expect a successful outcome were 
diagnostic criteria and the previously discussed 
prerequisites satisfied. 

For the patients incontinent following pros- 
tatectomy, it would seem tenable to propose 
that one responded primarily to a return of 
critical urethral length and the other to appro- 
priate diminution of posterior urethral caliber, 
yet the combination of these factors was of un- 
doubted importance. It is equally tenable to 
presume that had viable muscular tissue not 
been present, the procedures would undoubtedly 
have failed. 


497 


The application of cystourethropexy to the 
patient with epispadias may indicate that the 
more extensive and disruptive procedures can be 
obviated by the performance of suprapubic 
suspension, in the event that the bladder neck 
musculature should appear conducive to its 
success. 

The trepidation with which cystourethropexy 
was proposed for the woman who had experi- 
enced gynecologic ablation of the urethra and 
vesical neck is perhaps understandable. Un- 
doubtedly, this concern regarding a successful 
outcome engendered a more extensive type of 
suspension which quite possibly was productive 
of sufficient tubularization and critical length to 
permit continence to be achieved. It was fairly 
obvious at the time of operation that the muscu- 
lature was sound, and this visual evaluation was 
borne out subsequently by the postoperative 
normalcy of control. 

The success achieved in the boy with the 
impure yet primarily autonomous neurogenic 
bladder is indeed provocative but should not 
occasion the imprudent instigation of the pro- 
cedure in other dissimilar instances in which 
neurogenic reflex activity might cause continued 
incontinence or the increased peripheral re- 
sistance result in obstruction with the deleteri- 
ous effects of urinary residuum. This patient 
appeared to be a suitable subject since his in- 
continence seemed referable to deficient periph- 
eral resistance and not to hyperactivity of 
vesical musculature. The lack of immediate 
postoperative control with the subsequent ap- 
pearance of continence was in all probability 
related to the increasing capacity of the ileal 
segment and the gradual achievement of a 
balance between reservoir and outlet muscular 
tonus. 


CONCLUSIONS 


The increasing utilization of cystourethropexy 
in the management of stress incontinence in 
women strongly attests to the apparent efficacy 
of the procedure in the alleviation of this rather 
prevalent condition. That it may eventually be 
equally applicable to other basically similar 
types of incontinence is a possibility indicated by 
experiences with the patients discussed. 

The physiologic principles upon which the 
success of cystourethropexy is dependent in both 
the relief of stress incontinence and the restitu- 
tion of control in the patients whose case histories 
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RAKE RETRACTORS TO SIMPLIFY INGUINAL 


HERNIOPLASTY IN INFANTS 


PAUL W. HOFFERT, M.D., F.A.C.S., and ELLIOTT S. HURWITT, M.D., F.A.C.S., 


New York, New York 


INGUINAL HERNIOPLASTY in infants requires gen- 
tle, meticulous, careful technique because of the 
sheer delicacy and fragility of the tissues being 
dissected. In many infants, the combination of 
a deep subcutaneous fatty layer and well de- 
veloped superficial fascia may further obscure 
tissue planes and considerably prolong the 
search for the external oblique aponeurosis. 
Once this layer has been reached, the remainder 
of the operative repair is straightforward and 
may be completed with dispatch. Failure to 
divide the superficial fascia incisively may result 
in a fruitless search laterally and in the wrong 
plane for the external ring. To facilitate the 
identification and exposure of the external 
oblique aponeurosis during the performance of 
inguinal herniorrhaphy in infants, we have 
employed small sharp rake retractors. As soon 
as the inguinal skin incision is made (Fig. 
la and b), a small sharp rake retractor is 


oe” the Surgical Division, the Montefiore Hospital, New 
ork. 


Superficial 
fascia 


Fic. 1. 


Fic. 1. a, Skin incision. b, Herniorrhaphy wound 
showing relatively thick layer of subcutaneous fat. Super- 
ficial fascia is well developed in children and in infants. 

Fic. 2. a, Illustration showing sharp rake retractors 
elevate the full thickness of skin and the subcutaneous 
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hooked into each skin flap at the lateral extrem- 
ity of the incision. The retractors are then pulled 
directly up toward the ceiling until the skin 
flaps are drawn up as much as 1 to 2 inches. 
With a scalpel, the tissues between the 2 rake 
retractors in the elevated portion of the wound 
are sharply incised. Several small blood vessels 
will be encountered upon crossing the field. 
These are clamped, divided, and ligated. This 
method is continued until the entire subcutane- 
ous fat layer has been divided and Scarpa’s 
fascia is pulled up with the rest of the wound, 
but the underlying external oblique aponeurosis 
remains firmly adherent to the underlying ab- 
dominal wall (Fig. 2a). While Scarpa’s fascia is 
pulled upward, it is incised revealing the under- 
lying external oblique aponeurosis. Once this 
layer has been visualized, the remaining portion 
of the wound is incised until the external oblique 
aponeurosis is exposed throughout the length of 
the incision (Fig. 2b). The standard inguinal 
herniorrhaphy may now be undertaken. 


Superficial 
fascia 


Fic. 2. 


fat toward the ceiling. This maneuver also elevates the 
superficial fascia away from the external oblique ap- 
oneurosis, which remains deeply attached to abdominal 
wall. b, Superficial fascia divided exposing external 
oblique aponeurosis. 
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A NEW TECHNIQUE FOR REPLACEMENT OF THE 


RENAL ARTERY 


GUY W. LEADBETTER, JR., M.D., Boston, Massachusetts 


RENAL ARTERY DISEASE may Cause hypertension 
which is surgically remediable. Arterial repara- 
tive surgery rather than nephrectomy offers a 
method for the preservation of renal tissue in uni- 
lateral renal arterial disease, and is the sole 
therapy available for bilateral arterial disease or 
an affected solitary kidney. 

Replacement grafting poses at least two prob- 
lems: (1) preservation of adequate renal blood 
flow during and after operation and (2) preven- 
tion of postoperative stricture or thrombosis. 
Experimentally, several types of grafting tech- 
niques were utilized to determine which method 
would minimize these problems. The technique 
which was found superior was the “‘patch”’ graft. 

The patch graft is a homograft obtained by 
excising the renal artery with a 3 to 4 millimeter 
margin of aortic wall (Fig. 3). It may be pre- 
served by any of the usual methods. This graft 
has several very important features. Anatomi- 
cally, there is a natural funnelling mechanism 
present in all arteries leaving the aorta; this 
mechanism is preserved in the patch graft (Fig. 
2B). Because the renal arteries normally curve 
cephalad as they branch from the aorta, the 
patch graft may be applied to the aorta below 
the renal arteries, eliminating renal ischemia 
during the aortic-graft anastomosis. The margin 
of aortic wall excised at the time the graft is ob- 
tained serves two functions: during the aortic- 
graft anastomosis the lumen edge is not handled 
or traumatized and the suture line is 2 to 3 milli- 
meters removed from the actual graft lumen, 
making the chances of luminal stenosis remote, 
and thrombosis due to trauma minimal. Exper- 
imentally, in dogs, there was no thrombosis or 
stenosis after 1 year in this type graft, and blood 
flow experiments showed the patch graft to have 


a blood flow equal to the normal renal artery 
(Fig. 4). 


TECHNIQUE OF APPLICATION 


The method of obtaining the patch graft has 
been described (Fig. 3). The technique for its 
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application is simple. The aorta is exposed and 
mobilized slightly above and below the renal 
arteries. About 5 centimeters of aorta below the 
renal arteries are isolated between atraumatic 
arterial clamps. An elipse 14% to 2 centimeters 
long and 5 to 8 millimeters wide is removed from 
the aorta. Mattress sutures are then placed 
through each end of the patch and aorta to 
secure the graft (Fig. 2). Care is exercised to 
place the initial sutures so that the natural fun- 
nel of the renal artery (on the graft) faces the 
aortic blood flow as it does normally. After the 
graft has been secured, the anastomosis is com- 
pleted with the usual everting whip stitch. The 
distal anastomosis is accomplished by a standard 
spatulated end-to-end technique (Fig. 1). 


DISCUSSION 


Our experimental studies indicate that the 
patch graft fulfills the requirements of an ideal 
renal artery graft; that is, ease of application, 
minimal renal ischemia during application, ade- 
quate blood flow postoperatively, no luminal 
stenosis, minimal chance of thrombosis, and 
anatomic and physiologic identity with the 
normal renal artery-aortic take-off. For unilat- 
eral disease, we believe the patch graft to be the 
method of choice for renal artery replacement. 
For bilateral renal artery disease Humphries and 
Poutasse have recently advocated the use of an 
aortic segment containing the first portion of 
both renal arteries. The segment is placed dis- 
tally to the renals with ischemia resulting only 
during the renal artery-graft anastomosis, an 
important feature. A short segment of femoral 
artery graft is used to lengthen the graft as neces- 
sary. The advantages stressed were: (1) Renal 
artery take-off does not involve a suture line. 
(2) Physiologically, it is the proper size and 
shape. There are several objections to this tech- 
nique. There are 4 suture lines when used uni- 
laterally and 6 when used bilaterally. When the 
patch graft is used there are only 2 suture lines if 
applied unilaterally and only 4 when placed 
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lic. 1. Technique for end-to-end arterial anastomosis. 
A, Spatulation of arteries prior to anastomosis. B, Suture 
used: an atraumatic needle at each end. C, D, E, and F, 
Beginning and completion of anastomosis are illustrat- 
ed. 

Fic. 2. Technique for application of patch graft to the 
aorta. 

Fic. 3. Method for obtaining the patch graft. Note 
natural funnel present. 


bilaterally. Furthermore, the placement of an 
aortic segment, particularly in unilateral dis- 
ease, is a technically longer and more difficult 
procedure. If thrombosis does occur in a replaced 
aortic segment, it is far more serious than throm- 
bosis of a single renal artery graft. In bilateral 
disease, if the aortic segment is used and throm- 
bosis occurs there is little recourse. If the proce- 
dure is performed with one graft at a time, two 
attempts are available. The patch graft has none 
of the disadvantages of the aertic segment and it 
retains all the advantages; that is, it may be 
applied below the renal arteries, the suture line 
does not involve the graft lumen, it is physio- 


Fic. 4. 


Fic. 4. Renal arteriogram demonstrating patency of 
the graft (arrow) 1 year after surgery. 


logically the proper. size and shape, and the 
natural funnel mechanism is preserved. When an 
aortic aneurysm involves both renal arteries, the 
aortic segment has its true application. 


SUMMARY 


1. Experimentally, the patch graft is superior 
to other methods for renal artery replacement. 

2. Technique for obtaining and applying the 
graft is described. 
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Puysicians frequently encounter problems in 
medical ethics which must be solved on an 
individual basis in the absence of precedent. In 
the education of the physician, little time is 
given to instruction in medical ethics, and medi- 
cal literature contains scant discussion of ethical 
problems. One reason for this, perhaps, is that 
these problems are both varied and difficult to 
define and, therefore, do not lend themselves 
readily to solutions which have broad appli- 
cation. Nevertheless, we believe that free dis- 
cussion of ethical problems may help to clarify 
certain of their aspects and serve to stimulate 
thought on an important but seldom aired facet 
of medical practice. Recently, at the Hospital 
of the University of Pennsylvania we were in- 
volved in a perplexing situation which, although 
not unique, has received little attention in the 
literature. 

Jehovah’s Witnesses constitute a growing 
religious order which very sincerely forbids 
blood transfusions for its members. In fact, the 
members of this society believe that if they sub- 
mit to transfusion they will lose all opportunity 
for life after death and will be ostracized by 
their associates for the remainder of this life. 
Should the members of the medical profession 
submit to the wishes of the followers of this faith 
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and promise to treat them without blood trans- 
fusions? The authors of this article made such an 
agreement recently, held to it, and were both 
vigorously denounced and stoutly defended by 
different segments of the hospital staff. We made 
the decision knowing that the easiest way out 
for us would be to deny treatment, but believing 
that such evasion of the problem might only 
result in the patient being treated in a facility 
less well equipped than our own to deal with 
the exigencies of a difficult situation. Moreover, 
we believed that if we treated the patient as 
we ourselves would want to be treated, we 
should accede to his wishes. 

It seemed worthwhile to ask a panel of experts 
to discuss this problem and their comments 
were recorded and are reported herein with 
minor editorial changes. The widespread inter- 
est in this problem throughout our hospital 
leads us to believe that publication of the differ- 
ent views of the panelists is warranted even 
though we could not agree upon a solution. 

Besides the authors, those participating on 
the panel were: Dr. I. S. Ravdin, Chairman of 
the Department of Surgery of the University 
of Pennsylvania, Dr. Francis Wood, Chairman 
of the Department of Medicine of the University 
of Pennsylvania, Dr. Edward Harris, Chaplain 
of the University of Pennsylvania, and Mr. 
Laurence H. Eldredge, Lecturer on Medical 
Jurisprudence in the School of Medicine, Uni- 
versity of Pennsylvania. 
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PANEL DISCUSSION 

Dr. Fitts: Today we are going to discuss an impor- 
tant ethical problem in medicine. About 3 years ago 
Dr. Sperry, who was Dean of the Harvard Divinity 
School, talked in this same auditorium on certain 
ethical problems of medical practice and, as you 
know, he has written a book on this subject which was 
published in 1951. It is noteworthy that Dean Sperry 
became interested in medical ethics as a result of a 
problem involving blood transfusion. He was called 
to the Massachusetts General Hospital by Dr. James 
Means in regard to a woman with severe anemia, 
thought then to be incurable. Dr. Sperry was asked 
his opinion concerning the use of the precious supply 
of blood then available to keep this woman alive. 
This encounter stimulated Dean Sperry’s interest 
in many of the ethical problems of medicine. 

The case which forms the basis of today’s discussion 
is that of a 34 year old man who had the typical 
symptoms and findings of a large lesion in the trans- 
verse colon. He had bled severely from the bowel and 
his hemoglobin level on admission was 10 grams per 
cent. X-ray examination clearly demonstrated the 
tumor in the transverse colon. It was obvious that he 
required surgical treatment. When Dr. Orloff, our 
Chief Surgical Resident, spoke to him he said that he 
would gladly undergo any surgical procedure as long 
as he would not be given blood. He explained that 
he was a Jehovah’s Witness and that accepting a blood 
transfusion would violate a religious doctrine. 

Dr. Orloff explained at great length that it would be 
very dangerous to perform a major surgical procedure 
without transfusion, particularly in the face of anemia, 
but it soon became apparent that the patient would 
not submit to operation unless we promised him that 
he would not be given blood. I then discussed this 
matter with Dr. Ravdin. We knew that the easiest 
course for us would be to refuse treatment; however, 
we decided that the best interests of the patient 
—_ be served by operating, on his terms, without 

Our decision has been both criticized severely and 
defended. It was obvious that the patient had thor- 
oughly reviewed the problem and that his mind was 
made up. He would not willingly take blood. 

He was operated on, and a palliative resection of a 
large cancer of the transverse colon was performed. A 
portion of the greater curvature of the stomach was 
involved with tumor and was resected. The operation 
was not curative since the extent of the tumor in the 
mesentery required that tumor be transected. Yet, we 
thought the palliative operation was worthwhile to 
relieve the patient’s bleeding and obstruction. 

On the sixth postoperative day gastric retention 
developed, and he began to bleed severely from his 
stomach. He was kept out of shock by the use of dex- 
tran but bled so severely that his hemoglobin fell to 
a low point of 2.4 grams per cent. We were forced to 
watch him bleed severely without giving him a trans- 
fusion. We did everything we could to persuade him 
to accept blood transfusion. We talked to members 
of his faith and to members of his family, but we were 
unable at any time to convince him to receive blood. 

His wife stated that she would rather see him dead, 
because if he were given a transfusion he would have 
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no chance for future life and no peaceful life on this 
earth if he recovered. At the present time his bleeding 
has stopped and his hemoglobin has climbed to the 
grand total of 3.6 grams per cent. 

I can assure you that Dr. Orloff has spent many 
an hour talking to members of Jehovah’s Witnesses 
in Philadelphia and studying their beliefs. He will 
now tell you why they hold this belief. 

Dr. Ortorr: Jehovah’s Witnesses are a Christian 
religious society. The organization is world-wide, with 
established chapters in some 75 countries and preach- 
ers in 143 lands. Its membership consists of over 
1,000,000 followers, of whom 510,000 are active 
workers. The publications of this society have had 
unusual circulation. In the year 1952, the Brooklyn 
printing press owned by the society produced 
59,000,000 pieces of literature, most of which were 
sold. It is apparent, therefore, that this society is a 
significant group. 

The members of the organization believe that their 
origin goes back to Abel, the second son of Adam 
and Eve. However, the origin as we know it, is quite 
recent and of some interest. In 1877, an American 
clothing salesman named Charles Hayes Russell be- 
came dissatisfied with the teachings of his own con- 
gregation and formed a society to study the Bible 
in Pittsburgh, Pennsylvania. Two years later he pub- 
lished the Watchtower, a journal which subsequently 
became the organ of Jehovah’s Witnesses. In 1881, 
he founded the Watchtower Bible and Tract Society 
in Allegheny, Pennsylvania, and soon after, this 
religious movement began to spread rapidly. Upon 
his death he was succeeded by Judge Rutherford, a 
Missouri lawyer, and in 1951 the present name of 
Jehovah’s Witnesses was adopted. 

All of you are probably familiar with the Witnesses 
to some extent, perhaps as a consequence of some 
of the unfavorable publicity resulting from their 
beliefs. What, then, are their beliefs? First, they be- 
lieve in God and in the Bible, but they tend to adopt 
a form of interpretation which sets them apart from 
all other Christian beliefs. Because it is their convic- 
tion that they alone are possessors of the truth, they 
have not hesitated to condemn the beliefs of other 
Christians and often have done so publicly. They 
believe that Christ is the Son of God and not God. 
They do not believe in the Holy Trinity and they 
do not accept the Cross as a symbol. They believe that 
man’s life on earth is just a “passing through” and 
that the faithful will attain eternal life in heaven. 
They pledge allegiance to only one sovereign, Jehovah 
God, and do not consider themselves citizens of any 
country. They refuse to serve in the army of any 
country, although they are not pacifists. Perhaps 
you will recall the uproar surrounding them during 
World Wars I and II, when they actively cam- 
paigned against the war effort. They refuse to salute 
any flag and you may remember the famous case in 
which the Supreme Court ruled against them on this 
issue. Oddly enough, for a minority group they have 
been unusually vociferous in proclaiming their dis- 
satisfaction with the beliefs of others. 

Regarding the issue of receiving blood transfusions, 
the Jehovah’s Witnesses believe that this is an unpar- 
donable sin which will result in withdrawal of the 
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opportunity to attain eternal life. By their definition, 

a blood transfusion is a “feeding upon blood,” much 

as is an intravenous infusion of glucose water a feed- 

ing upon sugar; therefore, it violates the law of the 

Bible. They support this conviction with numerous 

passages from the Bible, and I would like to read two 

of them to you: 

Leviticus 17:11. ‘‘For the life of the flesh is in the 
blood. . . . No soul of you shall eat blood, neither shall 
any stranger that sojourneth amoung you eat blood.” 

Leviticus 17:14. ‘The blood thereof is all one with 
the life thereof; therefore, I said unto the children of 
Israel, Ye shall eat the blood of no manner of flesh, 
for the life of all flesh is the blood thereof; Whosoever 
eateth it shall be cut off.” 

I am sure that all who have come into contact with 
Jehovah’s Witnesses have found them very sincere and 
desperately in earnest regarding their beliefs. 

Dr. Ravpin: You now have the background of 
this ethical problem in medicine which concerns the 
right of the patient to prohibit a physician giving him 
blood when, in the opinion of the physician, it is 
necessary for the maintenance of life. We have a dis- 
tinguished panel here this afternoon consisting of: 
Dr. Francis C. Wood, who will discuss this not only 
from the medical standpoint, but who, as the son 
of a minister, might also enter into the religious prob- 
lem concerned here; the distinguished chaplain from 
the University, Chaplain Edward G. Harris; and Mr. 
Laurence Eldredge, Lecturer on Medical Jurispru- 

dence at the University of Pennsylvania, whom most 
of you must know for the forthright stand he has 
taken on many problems related to medicine. I shall 
call on Dr. Wood first. 

Dr. Woon: I thought I was going to be able to 
give my opinion after I had heard what others had 
to say. It is very easy to decide things in the abstract 
but all these black and white decisions become gray 
and brown when the problem becomes concrete and 
one has the responsibility of making the decision. 

To get down to this specific situation, it seems to me 
that legally no man has the right to take his life. 
However, if a man says to me, “I won’t be operated 
on unless you promise not to give me a transfusion,” 
and I make such a promise, I think I would have to 
accept that restriction in my attempts from that 
point on. Furthermore, to give him a transfusion 
one would actually have to face the prospect of 
anesthetizing this man or of holding him down in 
some way. Actually, it is almost physically impossible 
to give a transfusion unless it is wanted. I think in 
most instances, the promise which one person gives 
to another is something that he should abide by. 

Dr. Fitts: Should we have promised him? 

Dr. Woon: I think you had a perfect right to 
promise. The man was going to die if you did not 
operate. He had some chance of getting well as a 
result of operation without blood transfusion; there- 
fore, I think you were perfectly justified in giving 
him the chance on his own terms, 

Dr. Ravoin: The problem is not so simple as that. 
Dr. Fitts had left Philadelphia for a meeting in Vir- 
ginia. The service was left in the hands of someone 
who had made no promise, and he, therefore, had the 
responsibility. Will you take over, Chaplain Harris? 


Cuapain Harris: I want to preface my remarks 
with these statements: Firstly, I am not acquainted 
with this patient as an individual and secondly, | 
don’t know anything about the Jehovah’s Witnesses 
beyond what I have heard here. My remarks are 
based on what has been told me with regard to this 
case, namely, that it is a principle of the Jehovah’s 
Witnesses’ religion not to receive blood transfusions 
and that this is a very important part of the religion; 
also, that the particular patient involved is a person 
who understands this completely and holds it sin- 
cerely, was well aware of all the risks involved in the 
decision he made and that his wife, too, was aware 
of these factors. 

When I was called and asked my opinion, I replied 
that the man should not be given blood. I hope that 
what I say now will not be interpreted as any closed 
dogmatic statement. I certainly would want to be 
sensitive to the fact that these are not issues that can 
be settled once and for always by academic discussion. 
They have to be worked out freshly in every indi- 
vidual situation. 

It seems to me that a question like this revolves 
around the issue of the total welfare of the patient 
concerned and that this means that the spiritual wel- 
fare and the spiritual integrity of the patient must 
be part of the picture just as much as the physical 
well being is part of the picture. In other words, 
although the patient’s religious conviction is one with 
which you and I may well not agree and which may 
not make sense to us in terms of our own religious out- 
look, we still have to consider the fact that it is of 
central importance to the patient concerned and to 
his total well-being. Therefore, I do not think that 
the patient’s wishes in this regard should be set aside. 

What I am trying to say is that it is not justifiable 
to cure a person physically, or to give him what is 
technically the best medical treatment, at the expense 
of his spiritual integrity. In the large sense, the best 
medical treatment is not simply that which is tech- 
nically the most efficient but that which ministers 
best to the patient’s total welfare. If this patient 
makes the decision to die rather than have broken 
what is to him a central religious principle, nobody 
has the right to do anything which will force a contra- 
diction of this decision. 

What must be stressed from the religious point of 
view is that death is in itself not the worst thing nor 
the thing to be avoided at all costs. From the religious 
viewpoint some other touchstone needs to be taken 
into consideration. I am not in any way trying to 
suggest that one easily lets a patient die but, in terms 
of this patient’s outlook on life and in terms of the 
place where he finds life to be meaningful, his relation- 
ship to God and the convictions bound around this 
become the most important thing to him. The quality 
of his life is more significant than the quantity of it. 
It is more essential that he maintain his integrity of 
spirit and hold the meaning of his life unbroken than 
it is to continue that life itself. If his life with God 
as he sees it is compromised, if the central conviction 
which makes his life meaningful is broken, then even 
though his life persists it is meaningless for him and 
this may well be something that is much worse than 
death. 
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Ina very real sense, it is possible to say that to find a 
meaning in life and to hold on to that meaning is more 
important than simply to have life itself. It is not just 
the romantic claim of a few poetic souls but it is a 
fairly common characteristic of most people that 
they would rather perish with a sense of meaning in 
life than have to live without it. In the case of this 
particular patient, he has believed that his relation- 
ship with God and the convictions around this are 
at stake here. They are the highest principle in the 
light of which his other decisions must be made and 
particularly is this emphasized, as Dr. Wood said, 
if there was an initial agreement to observe that 
principle. This cannot be set aside in the interests of 
something else, for this to the patient is the final 
source of meaning. It should not be broken. 

There is one other thing I should like to say that 
pertains to the right of a person to take his own life. 
In terms of the Christian understanding of life we 
do not have such a right. Life comes to us as the gift 
of God and we hold it in trust to be used under God. 
But, it does not seem to me that the question of 
suicide is at all pertinent in this case. The patient’s 
decision very clearly is that he is willing to sacrifice 
his life for the sake of something which he holds to be 
more precious than life, a purpose greater than him- 
self. And this very rightly has always been distin- 
guished from suicide. Furthermore, in terms of the 
principles of moral theology one must draw a distinc- 
tion between the ordinary measures we are obliged 
to take in order to preserve our lives and what might 
be referred to as the extraordinary measures. Cer- 
tainly, all of us are under the constant obligation 
to take all ordinary measures to preserve our lives, 
but we are not always called upon to take the extra- 
ordinary measures. We are not, for example, called 
upon to become draft dodgers when Selective Service 
is enforced during war time in order that we may 
escape the dangers of the firing lines. We are not 
under obligation to undergo extensive and radical 
surgical procedures if these are going to involve our 
families in such a tremendous financial strain that 
the lives of other people will be subjected to great 
hardship. We are not morally obligated to undergo 
surgical procedures which might involve us in a 
protracted amount of intense pain simply in order 
to prolong our lives. If, as is the viewpoint of our 
patient, his religious conviction is such that the extra- 
ordinary measure would be to receive blood and that, 
in addition, this is something which would break 
his conscience, then here, too, is a thing which he is 
not under obligation to do. We may not agree with 

his particular religious position, as I certainly do not, 
but we must recognize that this is the light of his 
conscience. Here are the best convictions to which he 
has been able to move. This is the center of life’s 
meaning as far as he is concerned. We do not have 
the right to treat him as an object to be manipulated 
in accordance with our ideas but must regard him 
as a free subject in his own right and honor his con- 
victions to the extent of allowing him to live up to 
them or to die for them. Our job is to help this 
patient preserve the total integrity of his life as he 
sees it, especially since he has expressed this as his 
desire and has secured the physician’s agreement to it. 
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I do not want to present this as being finished 
dogma or as being an issue of black and white. Prob- 
lems of this sort are not neatly and finally settled. 
Their solutions have to be worked out freshly in each 
particular case. But, I believe that these represent 
important considerations which must be kept in mind. 

Dr. Ravpin: Now, I am going to call on Mr. 
Eldredge to present his aspect of this problem as he 
sees it from the standpoint of conscience and law. 

Mr. Exprepce: This is a problem on which there 
will never be unanimity of decision, because different 
persons will emphasize, in greater or lesser degrees, 
different factors. What you have already heard has 
made this fact quite clear. We grow up in the Anglo- 
Saxon tradition, in which the dignity of the individual 
is considered of supreme importance. The reason that 
we despise the totalitarian attitude is that the indi- 
vidual is subjected to whatever the state decides is 
wise, and what is wise represents the decision of people 
in power, as it has been all through history. Now, 
there is a tremendous conflict of trying to protect the 
individual’s own interest and the individual’s own 
dignity on the one hand, and of preserving a reason- 
able amount of protection to organized society on the 
other hand. Drawing the line is very difficult. We 
recognize within limits the conscientious objector but 
we do not let religious beliefs go so far as completely 
to deprive us of having some benefit from this man’s 
services in the war for survival. 

There is no doubt that it is unlawful for someone 
deliberately to take his life. Such an act constitutes 
the crime of suicide which is a felon and which, under 
the English common law, was punished by forfeiture 
of the estate to the Crown and burial in the crossroads 
with a stake driven through the heart and the blood 
polluted. However, the crime of suicide is not com- 
mitted when a man refuses medical aid which he is 
told is necessary to preserve his life. It is no crime to 
say, “Doctor, go away and don’t bother me any 
more; even if you are right, I prefer to die.” That is 
not a crime and it does not constitute suicide. 

There is no doubt that the Chaplain is right when 
he says there are values in life greater than life itself. 
I think this is something we all will concede immedi- 
ately. A beautiful example of this is found in Dickens’ 
Tale of Two Cities, in which Sydney Carton, when he 
is to be guillotined says, “It is a far, far better thing 
that I do than I have ever done.” He died to save the 
life of Charles Darnay. It was an act of supreme 
nobility. 

There are things better in life than the preservation 
of life itself. We see this reflected in our English and 
American common law, in which a general rule of 
law, supported by a large number of cases, holds that 
the individual has a complete right to decide for him- 
self what is to be done to his body. Any time a physi- 
cian does anything to a human body which causes 
bodily harm (and you cause bodily harm to a patient 
every time you jab a hypodermic needle into him or 
amputate a leg, or cause any invasion of his body), 
the physician is liable in an action of law to pay the 
patient damages, unless the patient consents or evinces 
a willingness to have this thing done to him. There 
are many cases illustrating this point. A fellow has a 

bad leg and the infection is spreading. You tell him, 
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“If we don’t amputate that leg, you are going to die 
of blood poisoning.” He says, ‘‘No. It’s a poor thing 
but mine own. It’s all I have, don’t do it.” If you 
remove his leg, no matter how neatly you do it and 
how excellent are the results, you are liable. And, of 
course, there he is with part of his body missing as 
evidence. A woman doesn’t want an operative scar, 
particularly the scars which resulted from surgery in 
years past. “I don’t want to see a big scar on my 
belly,” said the chorus girl in a Chicago hospital some 
years ago. “It hampers my profession,” and she re- 
fused an operation for appendicitis. 

In regard to the question of blood transfusion, I 
know of no recorded decision on it. When there is no 
recorded decision it is possible that a brand new set 
of facts may perhaps appeal to the Court a little bit 
differently. If you apply to this situation such law as 
we have, dealing with other factual situations, there 
is no doubt that it would be illegal and would entail 
damages, if you gave him a blood transfusion against 
his will. You would insert a large needle and that 
would be even more than a little hypodermic injec- 
tion. On general principles, such an act is called a 
tort. 

However, there is this factual distinction between 
a blood transfusion and an amputation or an operative 
scar. After the blood transfusion is over, there is 
nothing remaining to show. The patient doesn’t limp 
around with one leg gone, he doesn’t have a scar on 
his body which is disfiguring, and he is better off than 
he was before. On general principles, however, unless 
the court made a distinction, it would unhesitatingly 
say there is liability unless the patient had consented. 

I was having dinner in my home in Bryn Mawr a 
week ago last Saturday night when I had a ‘phone 
call from Dr. Orloff. He and another doctor, a former 
student of mine in the Medical School, told me about 
this Jehovah’s Witnesses’ problem and requested my 
opinion. They explained that the man was exsangui- 
nated. Then I think they said, ‘‘We don’t know 
whether this man is going to be alive tomorrow morn- 
ing to say his Sunday morning prayers unless we get 
blood into him tonight.” I told them in a three-way 
telephone conversation what I have just told you. I 
said, “According to all the law I know, this is illegal. 
If I were in your place, however, I’d go ahead and 
give him the transfusion.” I added, ‘“‘I don’t believe 
he will sue you anyway. He has to be awfully darned 
ungrateful if you save his life and he turns around 
and sues you. Furthermore, if you do save his life 
merely with a transfusion—no scar to show the jury, 
no leg gone—I can’t imagine a jury bringing in a 
verdict in any substantial amount of money.” I said, 
“T’m advising you to do something illegal even though 
I am a lawyer.” 

The other doctor who was listening in had heard 
me say in my lectures, ““You must not do this sort of 
thing.” I said, “You will recall all I have told you, 
but if I were facing this man tonight in the hospital 
and believed he would not be alive tomorrow morn- 
ing, I would give him something to put him in a non- 
objective mood and give him a transfusion.” 

I do think that if you went ahead with this sort of 
illegal conduct, and if, unfortunately, the transfusion 
actually proved to be harmful to him (as in a rare 


case when something goes wrong), then you certainly 
would be out on a long limb with no defense. If the 
fellow becomes completely crippled or develops some 
other serious complication and he proves that it came 
from the blood transfusion, you would be a sitting 
duck for a big verdict. 

Keep in mind, however, that every day we must 
expose ourselves to criticism. The safest way to live in 
this world is to sit by your fireplace and never say or 
do anything. Such a life is most protective from the 
standpoint of risk, liability, and the public damning 
you. To me it is an extraordinarily dull and uninter- 
esting one. I prefer to see people take risks and go 
ahead and do what is right, or what they think is 
right. 

While the promise to this patient not to give him a 
transfusion is an additional factor, I do not think it 
should always be a controlling factor. I remember in 
1930, there were a lot of United States Government 
bonds that contained the most solemn promise of the 
United States Government that these would be paid 
at maturity in gold dollars and the Government 
seemed to have no hesitation in the name of the public 
welfare in later repudiating that promise. There have 
been many other promises repudiated in the name of 
the public welfare. 

I don’t know the answer; however, I think that if 
they again told me that he was dying, I would prob- 
ably give the same answer as I did a week ago Satur- 
day night. 

Dr. Ravow: I also thought of another matter in 
regard to this case which perhaps would affect Dr. 
Orloff or some other young member of the staff who 
might administer this transfusion. There is a legal 
matter involved here and doctors must know, whether 
they like it or not, that the courts do not always 
answer these problems as we would think they should 
be answered. If a judgment were given against Dr. 
Orloff or any of the juniors, this might be a judgment 
which, although he might not be able to pay now, 
would hang over his head for years. 

This matter involves moral, ethical, and other con- 
siderations. It is my duty to protect the resident staff 
from being saddled with financial responsibility which 
might jeopardize them and their families perhaps for 
the rest of their lives. Many of you do not have mat- 
ters like this to solve. Dr. Wood and I, fortunately or 
unfortunately, do have these to settle. 

I would say that morally and ethically I am of the 
opinion that no person should take his own life. 
Whether or not this was legally taking his own life, it 
was spiritually taking his own life and that, I don’t 
believe anyone has the right to do. 

You can see there are moral, ethical, and legal 
problems associated with this case. I don’t know if 
this discussion has settled this matter. I hope you can 
see from the discussion that it is a many faceted sub- 
ject and you will have to make certain of these deci- 
sions on your own. I would warn every one of you 
that a life is not to be taken easily. 

Are there any questions for this distinguished panel? 
They presented the problem in a magnificent fashion, 
and I think this has been, perhaps, the most important 
ethical problem discussed freely in this hospital in 
many, many years. 
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Dr. ENTERLINE: I wonder if the panel would discuss 
the problem of being forced into the position of decid- 
ing whether or not to lie to a patient? In this case, if 
you had gone ahead with the transfusion and the 
patient point-blank asked you, “Was I given a trans- 
fusion?”’, would you be warranted, from the point of 
view of psychologic damage, to say, ““You were not 
given a transfusion,” when as a matter of fact he was 
given one? This problem comes up so often in pa- 
tients with cancer. Should they be told the diagnosis? 

Dr. Woon: It seems to me I am again thrown into 
the breach too soon, but this question can probably 
be illuminated by a definition I once heard, “A gen- 
tleman is a man who never tells the truth thought- 
lessly nor tells a selfish lie.” 

Cuapiain Harris: This is a problem which seems 
to me to be one which must be faced in terms of the 
capacity and the ability of the individual patient. I 
am convinced that most of the time and much more 
often than not, physicians should speak the truth to 
patients about their illnesses and treatments. There 
are, however, some patients who have not been able 
to face the normal problems of life with any success, 
and there is no reason to think that suddenly they are 
going to be able to face critical problems with any 
degree of success. I do believe, nevertheless, that the 
average person who has resources of religion to sustain 
him and who has been reasonably successful in meet- 
ing the problems of life, should be told directly the 
truth of the situation. 

Now to relate this question to this particular patient 
is very difficult for me, because I do not know this 
patient as a person and I think it is very important in 
these cases to know the patient as an individual. I 
believe further that if, as a physician, you do not know 
him well you should talk not only with him and some 
member of his family but also, and I think this is 
significant, with the clergyman who has a pastoral 
relationship with him and who most probably knows 
his spiritual resources better than anyone else. 

With regard to this particular patient, I, of course, 
think he should not be given blood. Then the problem 
of telling the truth would not arise, for there would 
have been no breach of promise involved. Suppose, 
however, that he has been given blood. I think the 
answer to the question as to whether or not to tell 
him he has been given it has to be made with reference 
to his ability and resources to face this fact. If after 
talking with a responsible family member and with 
his clergyman it is your impression that it is going to 
be something with which he cannot cope, then per- 
haps you must withhold the truth from him. If the 
reverse be true and it is apparent that he can cope 
with this fact, I think he should be told the truth. 
These are things which people have the right to know 
about themselves. 

Mr. ExtprepcE: I agree generally with everything 
that the two speakers who preceded me have said. I 
certainly agree that it is dreadfully wrong morally to 
lie for your own personal benefit or advantage; but 
whether you can give the half truth or a misleading 
statement or an outright falsehood sometimes, to ben- 
efit somebody, is again a great philosophic question. 
When I was 13 years old, I had typhoid fever for 13 
weeks, with two runs of it and the undertaker bowed 
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happily to my father every morning. At that tender 
age I had a dreadful antipathy to alcohol, which I 
have now successfully overcome. I was given in small 
quantities whiskey under the statement that I was 
being administered spiritus fermenti, which meant 
nothing to me at that age. When I was later told the 
truth I was angry with the nurse for some days. 
Should she or should she not have done that? 

There are two phases to this. I remember Kipling’s 
lines, which some of you may know: 


“Tf there be trouble to Herward, 
And a lie of the blackest can clear, 
Lie while thy lips can move, 

Or a man is alive to hear.” 


That was said with respect to protecting a woman’s 
good name. Is not the question one of the psychologic 
effect upon the hearer? Can some people stand the 
impact of truth? Is it going to put them into a dread- 
ful state of mental upset? It is the same problem the 
philandering husband faces in deciding whether or 
not to tell his wife the truth; whether to tell the truth 
and have her live unhappily, or let her live happily 
in ignorance. 

Now, on the other side, failure to keep your promise 
is just the reverse of this thing. The law does recog- 
nize, even under the law of contract and breach of 
contract, that there are. many situations in which a 
man is excused from performing a promise and carry- 
ing out what he agreed he would do. Supervening 
events may have created a new situation in which it 
is wiser not to compel him to carry out the promise. 

Dr. Ravoin: I want to thank this distinguished 
panel and I hope that before the year is over we shall 
have the opportunity to discuss another problem— 
ethical, spiritual, and legal—to which we may not 
find a final answer any more than we have found one 
today. These problems have many facets and in the 
end the answer lies somewhere near the statement 
which Dr. Wood made, “Do unto others as you would 
be done by yourself.” If you answer them in this way 
you will almost always be pretty nearly right in the 
things you do to patients. 


SUMMARY AND CONCLUSIONS 


Both authors of this article were so impressed 
by the sincerity of the members of Jehovah’s 
Witnesses in not wanting to be given trans- 
fusions with blood because of what they thought 
would result in inevitable damnation, that they 
willingly followed a course of treatment which 
was medically unsound. Our opinions are shared 
by only part of a distinguished panel whose 
deliberations have been reported herein. No 
final answers were forthcoming but we believe 
that the pertinent issues were raised and dis- 
cussed pro and con. Interest in this problem is 
intense and more contributions on the subject 
are badly needed. 

The patient survived and was, in due time, 
discharged from the hospital. 
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Reviews of New Books 


THE BOOK entitled Zo Work in the Vineyard of Surgery; 
the Reminiscences of Collins Warren! edited by 
Edward D. Churchill is a most interesting and in- 
triguing volume. In it are portrayed three unique 
Boston institutions: the Warren family, whose mem- 
bers have made many contributions to medicine and 
surgery in Boston. From 1782 to the present, 7 War- 
rens have been teachers at the Harvard Medical 
School, and since its opening in 1821 they have been 
staff surgeons of the Massachusetts General Hospital, 
the Harvard Medical School in its two cycles—1846 
to 1906 and after 1906, and the Massachusetts General 
Hospital where on October 16, 1846 the first public 
demonstration of anesthesia with ether during a 
serious surgical operation was successfully made. 

In editing the manuscript of the Reminiscences of 
J. Collins Warren, Churchill has enriched them with 
many significant footnotes about the places and per- 
sons that Warren mentions, and emphasizes the 
period and the events in which he lived. The Remi- 
niscences are a saga of the life of a keen, intelligent, 
acquisitive surgeon and investigator, who was trained 
in Boston, Philadelphia, and many of the best medical 
centers in Europe and the British Isles. After 3 years 
of study abroad his last visit was in Glasgow where he 
visited Lister, and he gives a most revealing impression 
of the Great Benefactor and his methods of preventing 
suppuration in wounds. He spoke of this visit as the 
most interesting episode of his European experience. 
“We seemed to be leaving the teachings of the old 
medical world of which we were fairly up-to-date 
products to enter the birthplace of a new medicine 
and surgery, there to receive at the source an inspira- 
tion to cast off much that was old, and prepare our- 
selves for the dawn of a science which was to revolu- 
tionize medicine.” 

His efforts to introduce Lister’s methods into the 
Massachusetts General Hospital were frustrating, but 
he persisted in this and in the many later innovations 
in the hospital and the medical school. He was as 
responsible for obtaining the necessary funds for 
building the new Harvard Medical School on Long- 
wood Avenue as anyone else connected with that 
great undertaking. 

In the Reminiscences, and in the annotations and 
the appendices that Churchill has added, there is a 
running account of the history of the medical school 
and the hospital, both individually and in co-opera- 
tion, that makes the story of these two great institu- 
tions most interesting to an old observer of their de- 
velopment, as well as to those who are not familiar 
with the two institutions. Churchill, who has been so 
intimately connected with both the hospital and the 
school since the time of his student days to that of his 
present eminent position in both places, has con- 


1To Work IN THE VINEYARD OF SURGERY; THE REMINISCENCES 
or J. Cottins WarRREN (1842-1927). Edited, with Appendices, 
Notes, and Comments, by Edward D. Churchill, M.D. 288 
pages, 3 illustrations. Cambridge: Harvard University Press, 
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tributed soundly to this three-way story in his foot- 
notes and in the appendices. As a matter of fact, the 
book can be best understood by first reading Appendix 
III, in which he discusses the two cycles of medicine at 
Harvard. His fine editorship of the volume is high- 
lighted with his own surgical philosophy in comment- 
ing on the events and personalities that appear in the 
book. It has been a rare privilege to read it and to 
attempt to review it. —Allen O. Whipple. 


IN THE VOLUME entitled The Yearbook of Cancer® the 
reader is provided with abstracts of significant articles 
in the broad field of oncology which appeared during 
the preceding year. The Editors first assembled an 
Editorial Board consisting of 19 staff members of the 
M. D. Anderson Hospital and Tumor Institute of the 
University of Texas. This group selected 105 addi- 
tional members from the United States and foreign 
countries to complete the Editorial Board. The mem- 
bers were divided into 24 groups, each concerned 
with some field of oncology and each including 
physicians or other medical scientists of various dis- 
ciplines. Each Editor selected from the past year’s 
papers on cancer those regarded as most significant. 
In this manner, 235 from a total of 4,000 published 
during the year were included in the abstracts making 
up the Yearbook. These came from a total of 84 jour- 
nals, 25 published abroad and 59 published in the 
United States. 

During 1957, the National Cancer Institute made 
grants of more than $48,000,000 for cancer research 
and the American Cancer Society $12,000,000. Most 
funds so appropriated were matched at the state 
level. As a result, there is in progress a program of 
medical research of considerable magnitude which 
accounts for the preponderance of papers selected 
from American journals. With this background a few 
sections of the book are reviewed because of their 
special interest. It is obvious that these are merely 
high points in the complete series of abstracts. 

In the section on the head and neck, there is a 
paper from the M. D. Anderson Hospital and Tumor 
Institute on the combination of surgery and radiation 
in the treatment of advanced primary cancer of the 
head and neck. It is believed that planned combined 
therapy affords an extension of both palliation and 
cure beyond that provided by either discipline used 
independently. 

In a paper on the prevalence of pigmented nevi on 
the palms or soles the authors stated that 26.5 per cent 
of 735 patients had pigmented nevi of both palms and 
soles. The incidence was lowest in children, reached 
a peak in persons in early and middle adult life, and 
decreased in the older age group. The authors con- 
clude that routine excision of palmar and plantar nevi 


2Tue Book or Cancer (1957-1958 YEAR Book Series). 
Compiled and edited by Randolph Lee Clark, Jr., B.S., M.D., 
M.Sc. (Surgery), D.Sc. (Hon.), and Russel W. Cumley, B.A., 
M.A., Ph.D. 523 pages, 191 illustrations. $8.00. Chicago: Year 
Book Publishers, Inc., 1958. 
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is not a practicable measure to prevent melanoma. 

In the section on breast cancer, Robert McWhirter 
stated in a paper entitled “Some Factors Influencing 
Prognosis in Breast Cancer,” that when the internal 
mammary nodes are irradiated the survival rate of 
patients with tumors in the inner half of the breast is 
higher than that of patients with tumors in the outer 
half. The survival rate of a group of his patients was 
not improved by ovarian irradiation as a part of the 
initial treatment. In a paper by Urban, entitled 


“Radical Mastectomy with En Bloc in Continuity 


Resection of Internal Mammary Chain” the author 
stated that the great majority of patients subjected to 
this procedure presented a primary lesion in the inner 
and central portion of the breast. Of the first 270 
patients, 58 per cent of those with positive axillary 
nodes also had positive internal mammary nodes. Of 
those lesions in the medial portion of the breast which 
had metastasized to the axilla, 60 per cent also had 
metastasized to the internal mammary nodes, while 
40 per cent of the lateral lesions had metastasized to 
both axillary and internal nodes. Of the patients with 
negative axillary nodes, 15 per cent had positive 
internal mammary nodes. Seventy patients with 
primary operable breast cancer were treated by this 
procedure more than 5 years ago. Of the 70, 58.5 per 
cent had positive axillary nodes and 36 per cent 
positive internal mammary nodes. The total 5 year 
survival rate is 65.4 per cent, and 61.4 per cent of the 
patients are clinically free from disease. The author 
believes that this operation is indicated primarily for 
stage 1 and early stage 2 growths, particularly those 
in the central and medial sectors of the breast. Ap- 
proximately, one-third of the patients with positive 
internal mammary nodes can be salvaged with this 
procedure. It is believed that the salvage rate is 10 per 
cent higher than that obtainable in a similar group 
treated by the classic radical mastectomy. 

In the section on radiotherapy, a paper entitled 
“Association of Tumors and Roentgen-Ray Treat- 
ment of the Thorax in Infancy” by Simpson and 
Hempelmann is presented. A group of 1,502 persons 
who had received radiation to the thymus gland during 
the preceding 27 years was studied. Malignant tumors 
developed in 18 of the group treated, a significant 
increase over the expected number and over the 
incidence among the siblings. The largest number of 
tumors developed in the thyroid gland. It is believed 
that this study provides strong evidence that radiation 
is an etiologic factor in thyroid tumors in childhood 
and adolescence. 

The Cancer Yearbook is of a convenient size and 
generously illustrated. It deserves careful study by 
everyone who would keep abreast with recent de- 
velopments in the field of cancer. 

— John H. Schneewind. 


ONE OF THE MOST COMPREHENSIVE VOLUMES on the 
ground type of cold injury* has recently been pub- 


3Coitp Injury, Grounp Type. By Colonel Tom F. Whayne, 
M.C., U.S.A. (Ret.), and Michael E. DeBakey, M.D. Prepared 
under the direction of Major General S. B. Hays. Edited by 
Colonel John Boyd Coates, Jr., M.C., and Elizabeth M. 
McFetridge, M.A. 570 pages, illustrated. $6.25. Washington, 
BGs Office of the Surgeon General, Department of the Army, 
1958. 


lished. If it is carefully studied, and if the lessons of the 
experience of the United States Army in World War 
II are read, marked, learned, and inwardly digested, 
there should be no similar experience in any future 
war. 

Cold, wet, or cold and wet in combination are the 
basic causes of cold injury. Predisposing factors were 
also of great importance in World War II. These 
factors included: (1) the intensity of combat; (2) the 
inadequacy of clothing and footgear; (3) the pressure 
of events which required that new troops be taught so 
much in a limited period of time that they were not 
taught the essential facts of cold injury; and (4) as 
General Bradley himself has acknowledged, the taking 
of a calculated risk for which a price had to be paid, 
when in the summer and early fall of 1944, it was de- 
cided that gasoline and ammunition should take 
precedence in transportation over supplies of winter 
clothing. 

It is particularly imperative that the principles of 
prevention of cold injury become a part of peacetime 
military training and planning. This volume, there- 
fore, has three purposes: (1) to record the history of 
cold injury, ground type, in World War II, (2) to 
summarize what has been learned of the nature of this 
form of trauma, including its pathologic physiology, 
its epidemiology, its military cost, and its manage- 
ment, including the rehabilitation of casualties from 
this cause, (3) to formulate, from the materials of the 
past history of cold injury, the principles of a sound 
program for its prevention and control in future 
military operations in cold regions and in temperate 
regions during cold weather. 

Losses occurred because the lessons of the past were 
not learned. The British experience in World War I 
was not recalled by the American command in World 
War II1—that the prevention of cold injury is primarily 
a function of command from the highest to the lowest 
echelon. The experience of the Aleutians was not 
transferred to the Mediterranean Theater. The ex- 
perience of that theater was not transferred to the 
European Theater. The total number of cold injury 
cases in all theaters for the entire war period was 
91,000. —Sumner L. Koch. 


THE MONOGRAPH on Clinical Radiology of Acute Ab- 
dominal Disorders‘ is oriented from the standpoint of 
specific disease entities rather than radiologic syn- 
dromes. As a matter of fact, the emphasis throughout 
ison the clinical picture rather than the roentgenologic. 
The term“ acute”’ in the title is, as the author admits in 
the preface, certainly not restrictive. Inclusion of such 
topics as diaphragmatic hernia, hiatal hernia, eventra- 
tion of the diaphragm, congenital defects in the ab- 
dominal wall, hepatodiaphragmatic interposition, 
cystic fibrosis of the pancreas, myenteric ganglionic 
defects, much of the chapter on neoplastic disease, 
chronic ulcerative colitis, and many of the specific 
inflammatory disorders (syphilis, tuberculosis, lymph- 
ogranuloma venereum), are difficult to justify as even 
remotely acute situations. 

On the other hand, that symptom complex which 


RapioLocy or Acute ABpomINAL Disorpers. By 
Bernard S. pg M.D. 352 pages, 406 illustrations on 224 
. Philadelphia: Lea 


figures. $15. Febiger, 1958. 
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most frequently presents both to the clinician and to 
the radiologist as an “acute abdomen”’—intestinal 
obstruction—is not honored with a separate section 
but rather must be looked up in the index. Under in- 
testinal obstruction, one finds 33 page references, 2 of 
which have no mention of intestinal obstruction. Only 
under “ Peritonitis,” pages 216 to 219, is there a more 
complete discussion of mechanical intestinal obstruc- 
tion, its differentiation from ileus, and some mention 
of the radiologic implications. Viscus perforation and 
its radiologic diagnosis are similarly treated. 

Despite these severe criticisms, the book does have 
good points. The typography is excellent, clear, and 
readable; the illustrations are well selected and nicely 
reproduced. If one is more interested in a specific 
disease entity than in the problem of differential 
diagnosis, the discussion under various disease head- 
ings is cogent and helpful. —Robert D. Moseley, Jr. 


AN EXCELLENT ADDITION to the quick reference shelf 
of both the medical man and the librarian is the book 
entitled Applied Medical Library Practice’ by Thomas E. 
Keys and associates. It is a storehouse of useful in- 
formation concerning medical libraries, publishers, 
and books—information of a type frequently needed 
by the doctor and for which he turns to the medical 
librarian. The foreword by Elmer G. Wakefield con- 
tains a succinct statement of the contents of the book: 
“This book contains discussions pertinent to the ad- 
ministration of a library, the acquisition and catalogu- 
ing of books and journals, the effective use of medical 
indexes, and the fundamentals of medical bibli- 
ography. There are precise discussions of abstract 
journals and hospital library procedures by his associ- 
ates. A worth-while brief history of American medical 
publishing and the authors of medical books is in- 
cluded. The appendixes contain lists of medical book- 
dealers of new books, antiquarian booksellers of 
medical and related subjects, medical publishers, 
medical works in facsimile, and a list of frequently 
used domestic and foreign medical journals. These are 
useful to both physicians and librarians.” 

The philosophy of medical librarianship and ad- 
ministration found in the opening chapters will be of 
especial interest to the physician or research reader 
who will learn from this what he may expect of the 
librarian, the medical library, and its various de- 
partments. The librarian reader is immediately aware 
that the organization and administration are those of 
the large, well equipped library at the Mayo Clinic 
which may differ in detail from those of a medical 
school, society, or hospital medical library. The 
chapters on “‘ Acquisition, Cataloguing, and Classifica- 
tion” and the “‘ Medical Indexes” will be most useful 
to the experienced librarian when help is needed in 
explaining her methods to the physician reader. She 
will be interested in the presentation of the subject, 
but these chapters will add little to her own knowledge 
of methodology. The detailed description of the in- 
dexes will be helpful to the physician who may not 
immediately recall the scope of each. 


SApPLIED MepIcAL Liprary Practice. By Thomas E. Ke 
A.B., M.A. With chapters by Catherine Kennedy, B.S., L.S., 
and Ruth M. Tews, B.S., L.S. 495 pages. $10.75. Springfield, 
lil.: Charles C Thomas, 1958. 


The chapter on the “Fundamentals of Medical 
Bibliography” is well written. The history and 
philosophy of bibliography are discussed. Excellent 
practical suggestions are offered concerning the com- 
pilation of references and the preparation of notes. 
These will be of use to any worker in this field. 

Catherine Kennedy’s chapter on “ Abstract Jour- 
nals” includes a very satisfactory list of such journals, 
as well as suggestions re their use, helpful to both 
doctors and librarians. Ruth M. Tews has prepared a 
readable and useful chapter on the “ Patients’ Li- 
brary.”” The development of such libraries in this 
country and abroad is presented; an excellent over- 
all picture of the organization and use of the patients’ 
library at the Clinic and elsewhere is included. The 
literature of the subject is well reviewed. 

The section devoted to the“ Development of Private 
Medical Libraries” is an interesting one. The brief 
biographic sketch of each collector and the descrip- 
tion of his collection make this section very satisfactory 
reading. The tone of each sketch is such as to make 
the collector ‘come alive” regardless of the period in 
which he lived. The references with which the chapter 
concludes are of value to the student of medical history 
who will assuredly wish to extend his reading. 

The three chapters concerned with medical pub- 
lishers and medical books will prove of value to both 
physician and librarian, again, of course, especially to 
such persons interested in the history of medicine. The 
survey of present day publishers is enlightening and 
useful. Librarians will be pleased to find these data 
available to them under one cover. 

Appendices 1 through 5 supply very satisfactory 
lists of medical publishers and bookdealers together 
with their addresses, as well as a list of facsimile 
publications of medical works. The latter is a reprint 
(with additions and corrections) of an earlier publica- 
tion by Keys which has been in constant demand 
among librarians. 

The book is to be highly commended for its general 
format, the references which conclude each chapter, 

and for its index. As a reference work it will be useful 
to both the medical librarian and the physician. The 
doctor who has occasion to consult a medical library 
other than his own, or who can use help in organizing 
his notes and writing, regardless of where the work is 
done, will find it doubly useful. 
—L. Margueriete Prime. 


THE BRIEF VOLUME of 113 pages entitled Electrolyte 
Changes in Surgery® covers the chief electrolyte problems 
found in the patient undergoing surgery of the thoracic 
viscera or the gastrointestinal or genitourinary tracts. 
Much of the text is devoted to the causes, diagnosis, 
and treatment of acidosis and alkalosis of both respira- 
tory and metabolic origin. 

A relatively simple system is presented for making 
the diagnosis of acidosis or alkalosis by means of con- 
version factors requiring only two laboratory de- 
terminations; the pH of whole blood and the total 
plasma carbon dioxide. 


S6ELECTROLYTE CHANGES IN SuRGERY. By Kathleen E. Roberts, 
M.D., Parker Vanamee, M.D., and J. William Poppell, M.D. 
113 pages, 21 illustrations. $4.50. Springfield, Ill.: Charles C 
Thomas, 1958. 
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The reader is urged to approach the problems of 
electrolyte balance by simple tests and rules and to 
bear in mind that a pathologic condition or metabolic 
disturbance usually initiates the electrolyte problem. 
The primary objective still must be to diagnose and 
treat the underlying disease. —Edward W. Gibbs. 


THE AUTHOR of Tumors of the Lungs and Mediastinum’ 
has attempted with some success to condense all that is 
known regarding these lesions into a single volume. 
The major part of the book quite naturally concerns 
carcinoma of the lung, and all aspects of this disease 
are discussed extensively. This presentation of the 
lesion probably would interest internists more than 
surgeons. Although the section on surgical treatment 
is very adequate, most of the book concerns other 
aspects of the disease. In the opinion of this reviewer 
there is too much discussion of the bizarre and unusual 
and of the late, almost terminal manifestations of 
carcinoma of the lung, and not enough discussion of 
the early symptoms and the measures to establish an 
early diagnosis. 

The chapters on tumors of the lung other than 
bronchial carcinoma cover the subject thoroughly. 
One might take exception, however, to the author’s 
views that bronchial adenomas are benign neoplasms 
and that pulmonary arteriovenous fistula is rarely ob- 
served in Rendu-Osler-Weber disease. 

The section devoted to mediastinal tumors is not 
large enough to adequately cover all aspects of the 
great variety of tumors that can occur within the 
mediastinum. However, the author has succeeded in 
providing a concise presentation of the most important 
facts concerning mediastinal tumors. 

The illustrations in this book are very satisfactory. 
The reproductions of radiographs are particularly 
good and are a credit to the author for his choice of 
films and to the publisher for the quality of the repro- 
duction. There is an excellent and extensive bibliog- 
raphy for each section of the book. 

This book should be of greatest value to internists, 
but can be read profitably by anyone interested in 
thoracic surgery. —O. Theron Clagett. 


THE MONOGRAPH by N. M. Green entitled Physiology of 
Spinal Anesthesia’ has been written to supply objective 
information about one aspect of spinal anesthesia, 
namely its physiologic effects. It is a comprehensive 
review and evaluation of all reports dealing with 
physiologic response to spinal anesthesia or to surgery 
being performed under spinal anesthesia. No attempt 
is made to deal with purely clinical articles or neuro- 
logic complications. 

The 9 chapters cover the central nervous system, the 
cardiovascular system, pulmonary ventilation and 
hemodynamics, hepatic, renal, and endocrine func- 
tion, metabolism and acid-base balance, obstetric 
physiology, and the gastrointestinal tract. Each chap- 
ter closes with an extensive list of references. 

7Tumors OF THE LuNGs AND MeEpiAstTiNuM. By B. M. Fried, 
M.D. 467 pages, 340 black and white illustrations and 4 in color. 
$13.50. Philadelphia: Lea & Febiger, 1958. 

8PHysioLoGy OF SPINAL ANESTHESIA. By Nicholas M. Greene, 


B.S., M.A., M.D. Foreword by ohn Gillies, C.V.O., M.C., 
Hyg ees F.R.C.S.E., F.F.A.R.C.S. 195 pages, 7 illustrations. 
6.00. 


.00. Baltimore: The Williams & Wilkins Co., 1958. 


A wealth of information is presented in a very con- 
cise and readable form, and the viewpoint is that of a 
clinical anesthesiologist with wide personal experience 
with the technique. The sections which deal with 
the central nervous system, the cardiovascular sys- 
tem, and the obstetric physiology are of particular 
interest. 

The index is adequate; the printing, paper, and 
binding are of good quality. All anesthesiologists will 
find much of vital concern to them in this small but 
inclusive volume. —Mary F. Poe. 


A THOROUGH but condensed clinical description, dis- 
cussion, and review of the syndromes characterized by 
tetany are given in the volume entitled Tetanie.® It 
expresses the clinical knowledge of the Vienna school 
and recalls to mind its famous teachers, Chvostek, 
Eppinger, Erdheim, Escherich, Falta, Frankl-Hoch- 
wart, and Professor Lauda whose sixty-fifth birthday 
it celebrates. 

The chapters are devoted to clinical phenomena 
and clinical diagnosis and differentiation. Examples 
of tetany associated with intestinal, renal, pulmonary, 
and many other conditions are presented. Idiopathic 
and psychogenic tetany are reviewed. Pediatric and 
obstetric problems in tetany are described. Further- 
more, diagnostic difficulties and fundamental prob- 
lems are discussed. 

A bibliography of more than 650 titles is included. 

—Paul Starr. 


Tue Atlas of Technics in Surgery" is primarily intended 
to be an ancillary aid and a review of technique for 
the practicing surgeon as well as for the student of 
surgery. 

A small portion of the volume contains a discussion 
of preoperative and postoperative care including fluid 
and electrolyte balance, the selection of anesthesia, 
and types and uses of incisions. The major considera- 
tion of the volume is the description of specific opera- 
tive procedures. Most of these procedures are illus- 
trated in a progressive sequence and in adequate 
detail. Such operative fields, however, never bleed 
and extraneous details which may be problems to the 
surgeon are not included but the illustrations can be 
useful to demonstrate the desirable end results. Along 
with the illustrations there are adequate legends al- 
though anatomic details in many instances could be 
clarified with additional labeling of structures. There 
is also, with each procedure, a discussion by a recog- 
nized surgeon familiar with the specific operation de- 
picted. This is of value in an appreciation of the tech- 
nique recommended. Usually only one method is 
described for a particular surgical problem and ad- 
mittedly this is one the author considers to be the most 
suitable. 

The continuity of thought and consistent excellence 
of illustration make for easy utilization of the book. 
A bibliography is included with the text material, 
and this is up-to-date and should prove valuable. 


8Teraniz. By Doz. Dr. Hans Jesserer. 191 pages, 52 illustra- 
tions. Stuttgart: Georg Thieme Verlag, 1958. 

l0ATLAS OF TECHNICS IN SuRGERY. By John L. Madden, 
M.D., F.A.C.S., with 62 contributing authors. 648 pages. 
$30.00. New York: Appleton-Century-Croft, Inc., 1958. 
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Such a volume cannot be considered a text of sur- 
gery or of anatomy. It can, however, be of value to 
the student of surgery or to the surgeon whois equipped 
with a knowledge of physiology and pathology, and 


BOOKS RECEIVED 


Books received are acknowledged in this department, 
and such acknowledgement must be regarded as a 
sufficient return for the courtesy of the sender. Selec- 
tions will be made for review in the interests of our 
readers and as space permits. 


SurcicAL TREATMENT OF Mirra Stenosis. By Helge 

a 263 pages, 17 illustrations. 20 kroners. Copen- 
en: Store Nordiske Videnskabsboghandel, 1958. 

T be FFECT OF ADVANCING AGE UPON THE HuMAN SPINAL. 
Corp. By L. Raymond Morrison, M.D. with the col- 
laboration of Stanley Cobb, M.D., and Walter Bauer, 
M.D. 127 pages, illustrated. $6.00. ” Cambridge, Mass. : 
Published for The Commonwealth Fund. Harvard 
University Press, 1959. 

Arcuivio “Purr” DI CHIRURGIA DEGLI ORGANI DE MOVI- 
MENTO. Directed by Prof. C. Pais, C. Casuccio, and O. 
Scaglietti. Edited by L. Gui. Vol. X. 1 Semestre 1958. 
579 pages, illustrated. Firenze: Edizioni Scientifiche 
dell ‘Istituto Ortopedico Toscano,” 1958. 

Pocket Mepicat Dictionary. 20th ed. 
(Abridged from Dorland’s Illustrated Medical Dic- 
tionary.) $4.50. Philadelphia and London: W. B. 
Saunders Co., 1959. 

Lonc-TeErRM ILLNEss; MANAGEMENT OF THE CHRONICALLY 
Itt Patient. Edited by Michael G. Wohl, M.D., 
F.A.C.P. 748 pages, illustrated. $17.00. Philadelphia 
and London: W. B. Saunders Co., 1959. 

PATHOGENESIS AND TREATMENT OF PARKINSONISM. Sixth 
Annual Scientific Meeting of the Houston Neurological 
Society Texas Medical Center, Houston, Texas. Com- 
piled and edited by William S. Fields. 372 pages, illus- 
trated. $10.75. Springfield, Illinois: Charles C C Thomas, 
1958. 

Cancer. Edited by Ronald W. Raven, O.B.E.(Mil.), 
T.D., F.R.C.S. Vol. I. Part I. Research into Causation. 
558 pages, 94 illustrations. $18.00. London: Butter- 
worth & Co. Ltd., 1957. 

CANCER. Sort by. Ronald W. Raven, O.B.E.(Mil.), 
T.D., F.R.C.S. Vol. II. Part II. Pathology of Malig- 
nant Tumours. 666 pages, 357 illustrations. $18.00. 
London: Butterworth & Co. Ltd., 1958. 

Cancer. Edited by Ronald W. Raven, O.B.E.(Mil.), 
T.D., F.R.C.S. Vol. III. Part III. Additional Patho- 
logical Aspects, Part IV. Geography of Cancer, Part 
V. Occupational Cancer, Part VI. Cancer Education, 
Part VII. Cancer Detection. 501 pages, 165 illustra- 
tions. $18.00. London: Butterworth & Co. Ltd., 1958. 

CANCER. Edited by Ronald W. Raven, O.B.E. (Mil. J. 

F.R.C.S. Vol. IV. Part VIII. Clinical Aspects. 
555 pages, 173 illustrations. $18.00. London: Butter- 
worth & Co. Ltd., 1958. 

Bone Tumors. By Louis Lichtenstein, M.D. 2nd ed. 401 
pages, 220 illustrations. $12.00. St. Lovis: The C. V. 
Mosby Co., 

NEUROLOGICAL AND PsycHOLoGcicAL Dericits oF As- 

PHYXIA NEONATORUM; WITH CONSIDERATION OF USE 

OF PRIMATES FOR EXPERIMENTAL INVESTIGATIONS. By 


who has had some surgical experience. No volume, 
however comprehensive, can supplant the experience 
gained at the operating table and the bedside. 

—W. Harrison Mehn. 


28 contributors. Edited by William F. Windle, Ph.D., 
Sc.D. Forewords by E. Harold Hinman, Ph.D., M.D., 
M.P.H., and Pearce Bailey, Ph.D., M.D. 336 pages, 


83 illustrations. $8.00. Springfield, Ill.: Charles C 
Thomas, 1958 
Ourtine OF Fractures Joint Inyuries. By 


John Crawford Adams, M.D.(Lond.), F.R.C.S.(Eng.). 
2nd ed. 268 pages, 237 illustrations. $6.50. Baltimore: 
The Williams & Wilkins Co., 1958. 

New anp NonorriciaL Drues. Containing descriptions 
of therapeutic, prophylactic and diagnostic agents 
evaluated by the council on drugs of the American 
Medical Association, 1959. An annual publication 
issued under the direction and supervision of the coun- 
cil. 687 pages. $3.35. Philadelphia: J. B. Lippincott 
Co., 1959. 

GyNECOLOGIC RapioGrapuy. By Jean Dalsace, M.D., 
and J. Garcia-Calderon, M.D. Translated by Hans 
Lehfeldt, M.D. 188 pages, 305 illustrations. $8.00. 
New York: Paul B. Hoeber, Inc., Medical Book Dept. 
of Harper & Brothers, 1959, 

VASCULAR SuRGERY. By Geza de Takats, M.D., M.S 
F.A.C.S. 726 pages, se illustrations. $17. 50. Phila- 
delphia and London: W. B. Saunders Co., 1959. 

MEDICAL DEPARTMENT, UNITED STATES Army. SURGERY 
Wortp War II. NeurosurGery, I. Pre- 
pared and published under the direction of Major 
General S. B. Hays. Edited by Colonel John Boyd 

Coates, Jr., M.C., R. Glen Spurling, M.D., Barnes 
Woodhall, M.D., and Elizabeth M. McFetridge, 
M.A. 466 pa es, illustrated. $5.00. Washington, 
D. C.: Office of the Surgeon General, Department of 
the Army, 1958. 

FRACTURE SURGERY; A TEXTBOOK OF COMMON FRAC- 
TuRES. By Henry Milch, M.D., and Robert Austin 
Milch, M.D. With a chapter on anesthesia by Her- 
bert D. Dubovsky, M.D. 470 pages, 671 illustrations. 
$17.50. New York: Paul B. Hoeber, Inc., Medical 
Book Department of Harper & Brothers, 1959. 

CxinicaAL Edited by Anthony F. De- 
Palma with the assistance of the Associate Editors, 
the Board of Advisory Editors, and the Board of Cor- 
responding Editors. No. 12. 327 pages, illustrated. 
$7.50. Philadelphia and Montreal: J. B. Lippincott 
Co., 1958. 

Neo-NaTAL Pagpratrics. Edited by W. R. F. Collis, 
M.D., F.R.C.P., F.R.C.P.I., D.P.H. 301 pages, il- 
lustrated. $5.00. New York and London: Grune & 
Stratton, Inc., 1959. 

THE MANAGEMENT OF FRACTURES AND DISLOCATIONS; 
AN AtLas. ByAnthony F, DePalma, M.D. Illustrated 
by Barbara B. Finneson and William A. Osburn. 
Vols. I and II. Pp. 1-470 and 471-960, 1927 il- 
lustrations. $35.00 per set. Philadelphia and London: 
W. B. Saunders Co., 1959. 

EMERGENCY SURGERY. Hamilton Bailey, F.R.C.S. 
(Eng.), F.A.C.S., F.R.S.E. 7th ed. 1197 pages, 1576 
illustrations. $32. 50. Baltimore: The Williams & 
Wilkins Co., 1958. 
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